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Page 
Task & 
Bullet 
Letter Deliverable Selected SSEB Reference 

    
   Task 1.0 Define the Geographic Boundaries   

Vol II p 283 1.A Source & Sink Data formatted for GIS SECARB-D37 
 

Vol I pg 4 1.B Permitting structures write up for participating states. SECARB-D1 
Vol II p375 1.C Description of potential active partners SECARB-D38 

   Task 2.0 Characterize the Region   
Vol II p 283 
Vol I pg 368 
Vol I pg 425 
Vol II pg 4 

Vol II pg 69 

2.A1 
2.A2 
2.A3 
2.A4 
2.A5 

Preliminary assessment of CO2 sources in the region, promising 
geologic formations, and promising terrestrial sinks within the 
region. 

2.A1 D37 
2.A2-D18 
2.A3-D19A  
2.A4-D19B 
2.A5-19C 

 
Vol II p283 2.B 

Preliminary assessment of transport mechanisms and existing 
infrastructure SECARB-D37 

 
Vol I pg 18 2.C 

Summary of existing separation/purification capabilities and 
existing commercial users.  SECARB-D2 

Vol I pg 97 2.E Relational database and GIS archive of characterization data. SECARB-D4 
 

  
Task 3. 0 Identify And Address Issues for 

Technology Deployment  
 

Vol I pg 109 3.A Assessment of Safety, Regulatory and Permitting Requirements. SECARB-D5 
 

Vol II p237 3.B Regional Action Plans and Early Implementation, where possible SECARB-D29-30 
 

Vol I pg 192 3.C Survey Instrument & Focus Group Results. 
SECARB-

D6.7.15.25:28 
 

Vol I pg 155 3.D Regional Survey Methodology & Results. 
SECARB-

D6.7.15.25:28 
 

Vol I pg 148 3.E Regional Action Plans and Early Implementation, where possible 
SECARB-

D6.7.15.25:28 
Vol I pg 402 
Vol II p237 

3.F1 
 3.F2 

Action Plan Development and Early Implementation, where 
possible 

SECARB-D18 
                D29-30 

 
Vol I pg 236 3.G 

Integrated report based upon preliminary assessments of 
ecosystems. SECARB-D8.D9 

 
Vol I pg 237 3.H Action Plan to address ecosystem issues. SECARB-D8.D9 

 
Vol I pg 243 3.I 

Report on down selection of instrumentation and QA/QC for CO2 
quantification. SECARB-D10 

Vol I pg 250 3.J Develop MM&V Action Plans for transport and sequestration. SECARB-D11 
 

Vol II p379 3.L Field test plan for verification of source/sink relationships SECARB -D45 
 

  
Task 4.0 Develop, Test and Refine Public 

Involvement & Education Mechanisms  
 

Vol I pg 281 4.A Assessment of public involvement options for the region. 
SECARB-
D12.13.14 

 
Vol I pg 279 4.B Assessment of education options for the region. 

SECARB-
D12.13.14 

 
Vol I pg 161 4.C 

Public involvement and education mechanisms that raise awareness of 
sequestration opportunities in the region 

SECARB-
D6.7.15.25:28 
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Page Task  Reference 

 
Vol I pg 156 4.D 

 

Resource documents identifying outreach sources (mailing lists, 
media advertising, meeting and forum schedules, etc) within the 
region. 

SECARB-
D6.7.15.25:28 

 
Vol I pg 144 

4.E 
Information to interested stakeholders about supporting 
technology development efforts 

SECARB-
D6.7.15.25:28 

 

  
Task 5.0 Identify the Most Promising Capture, 

Sequestration and Transport Options   
Vol I pg 314 5.A Plan for identifying promising capture options SECARB-D16 
Vol I pg 319 5.B Summary of most promising capture options. SECARB-D16 
Vol I pg 347 5.C Plan for identifying promising transportation options SECARB-D17 

 
Vol II p283 5.D Summary of most promising transportation options. SECARB-D37 

 
Vol I pg 377 5.E 

Plan for identifying most promising geologic formations and 
options for best utilizing them as CO2 storage SECARB-D18 

 
Vol II p403 5.F 

Plan for identifying most promising terrestrial options for CO2 
storage SECARB-D46 

Vol I pg 390 
Vol I pg 425 

Vol II p27 
Vol II p74 

5.G1 
      5.G2 

5.G3 
5.G4 

Summary of most promising geologic storage and terrestrial 
storage options 

SECARB-D18 
                   D19A 
                   D19B 
                   D19C 

Vol II p200 5.H Plan for identifying promising commercial use options SECARB-D23 
 

Vol II p87 5.I Map showing links between sources and most promising sinks SECARB-D21 
 

  
Task 6.0 Prepare Action Plans for Implementation 

and Technology Validation Activity  
Vol II p169 
Vol II p188 

6.A1 
6.A2 

Action Plans for Capture Options, Transport Options, and 
Sequestration Options 

SECARB-D22A 
                D22B 

 
Vol II p200 6.B 

Action Plan for Implementation of New/Expanded Usage 
Opportunities, Transport and Sequestration SECARB -D23 

 
Vol II p215 6.C Small-scale regional Field-test Plan for Technology Validation SECARB-24 

 
Vol I pg 144 6.D Stakeholder Involvement and Outreach Action Plans 

SECARB-
D6.7.15.25:28 

 
Vol I pg 142 
Vol II p418 

6.E1 
6.E2 Information Dissemination and Education Action Plans 

SECARB-
D6.7.15.25:28, 

D47 
 

Vol I pg 160 
Vol I pg 215 

 
6.F1 
6.F2 

List of potential issues and perceptions that concern 
stakeholders, along with prepared responses to such issues and 
perceptions 

SECARB-
D6.7.15.25:28 

 
Vol I pg 144 6.G 

Action Plans for removing potential barriers to stakeholder 
acceptance of promising options 

SECARB-
D6.7.15.25:28 

 
Vol II p262 6.H Safety, Regulatory, and Permitting Action Plans SECARB-D29-30 

 
Vol II p262 6.I Accounting Framework Action Plans SECARB-D29-30 

 
Vol II p252 6.J 

Early Implementation of Safety, Regulatory, and Permitting Action 
Plans, where possible SECARB-D29-30 

 
Vol II p240 
Vol II p252 

6K1 
6K2 

Early Implementation of Accounting Framework Action Plans, 
where possible, integrate Action Plans for capture, transportation, 
and storage SECARB-D29-30 
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Regulatory, Permitting, and Safety Frameworks 
 
Initial regulatory, permitting, and safety frameworks issues analysis focused on 
two key areas – geologic sequestration and terrestrial sequestration issues.  
Activities in both areas are discussed below. 
  
Geological Sequestration 
 
As terrestrial sequestration activities have been initiated and are beginning to 
emerge as a standard bearer for GHG emissions management projects, the 
relatively less well-known and less practiced domain of geologic carbon 
sequestration merits substantially more examination and analysis at this time to 
ensure that appropriate regulatory, permitting, and accounting frameworks 
emerge around the arena.  To support this effort, USDOE NETL has provided 
funding support to the above-referenced the IOGCC Task Force, which was 
formed by IOGCC with funding support from USDOE and empowered with two 
primary objectives: 
 

• Examine the technical, policy, and regulatory issues related to safe 
and effective storage of CO2 in the subsurface (oil and natural gas 
fields, coal-beds and saline formations), whether for enhanced 
hydrocarbon recovery or long-term storage; and 

• Produce of a final report containing (a) an assessment of the 
current regulatory framework likely applicable to geologic CO2 
sequestration, and (2) recommended regulatory guidelines and 
guidance documents.  The Final Report and the documents 
contained therein will lay the essential groundwork for a state-
regulated, but nationally consistent, system for geologic 
sequestration of CO2 in conformance with national and international 
law.1 

 
Per direction of USDOE, Augusta Systems, on behalf of SECARB, has worked to 
support the IOGCC effort through idea generation, analysis, drafting, and 
technical editing, and, when possible, worked to adopt its anticipated 
recommendations.  Thus, in many instances, this report will cite the IOGCC Task 
Force’s report as it potentially provides a common platform for geologic 
sequestration regulatory, permitting, and safety frameworks. 
 
In an examination of geologic sequestration both under SECARB and the IOGCC 
effort, a clear question emerged regarding the future regulatory, permitting, and 
safety frameworks – How linked will geologic sequestration regulatory, 
permitting, and safety frameworks, especially with reference to the injection and 
long-term storage activities, be to the Federal Safe Drinking Water Act (SDWA) 

                                                 
1 Interstate Oil and Gas Compact Commission Geological CO2 Sequestration Task Force, Final Report, 
March 2005. 
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Underground Injection Control (UIC) program?  More specifically, there are four 
sub-level questions: 
 

• Will CO2 be defined as a commodity, waste, or pollutant under 
Federal, state, or Federal and state laws and regulations, including 
UIC regulations? 

• Will geologic carbon sequestration injection and storage activities 
be wholly subject to existing UIC regulations? 

• Will new UIC classes or definitions emerge to facilitate geologic 
sequestration injection and storage activities? 

• Will long-term geologic sequestration projects without enhanced 
hydrocarbon recovery components be subject to UIC at all? 

 
Clearly, SECARB and even the IOGCC Task Force do not hold the final authority 
on this matter, or else the conclusions of this report could be more concrete.  
With the USEPA holding authority for UIC rules, regulations, and interpretations, 
it seems that the USEPA will be ultimate arbiter of these matters.  To assist in 
defining the options for the SECARB region, and perhaps the nation, however, 
SECARB has produced this examination.  A brief overview of the present 
regulatory, permitting, and safety environment for potential geologic 
sequestration activities follows.  
 
Natural Analogues 
 
It has been suggested that four analogues exist for regulatory guidance 
regarding geologic carbon sequestration – naturally occurring CO2 contained in 
geologic formations; CO2 enhanced oil recovery (EOR) operations, storage of 
natural gas in geologic formations, and the injection of hydrogen sulfide (H2S) 
into underground formations.2  In some states, and more specifically states with 
hydrocarbon production and/or storage activities, there is a rich legacy of 
regulatory, permitting, and safety regimes in place that would assist in wide-scale 
deployment of geologic carbon sequestration approaches and technologies.3 
 
Of these analogues, perhaps the most significant are those of the naturally 
occurring CO2, which shows the capabilities of geologic formations to retain vast 
quantities of CO2 over time, and the EOR operations, which demonstrate the 
safe and well-regulated transport and injection of CO2 into geologic formations. 
 
Although CO2 is a non-hazardous gas at normal atmospheric conditions, CO2 
can exist in three forms: 
 

• As the above-referenced gaseous state; 

                                                 
2 Interstate Oil and Gas Compact Commission Geological CO2 Sequestration Task Force, Final Report, 
March 2005. 
3 Interstate Oil and Gas Compact Commission Geological CO2 Sequestration Task Force, Final Report, 
March 2005. 

DE-FC26-03NT41980

SECARB Deliverables Appendix Document
Volume I

Page 6 of 548



• As a supercritical fluid that has physical properties between a liquid 
and a gas at pressures greater than 1073 pounds per square inch 
(psi) at less than 87.7 degrees Fahrenheit; and, 

• As a solid form most commonly referred to as dry ice, at 
temperatures below 109 degrees Fahrenheit.4 

 
Given a situation in which normal geologic pressure and temperatures would 
exist, it has been assumed that deep injection of CO2 (i.e. greater than 2,500 feet 
below the surface) would result in the CO2 existing as a supercritical fluid.  In 
other instances related to geologic sequestration (i.e. capture, transport, 
injection, and shallow storage, if ever), it is likely that CO2 would be in a gaseous 
form.  Thus, geologic sequestration regulatory, permitting, and safety frameworks 
would relate to the gaseous and supercritical fluid states. 
 
Options for geologic sequestration abound, but the geologic sinks with the 
highest potential geologic carbon sequestration include deep unmineable coal 
seams, depleted or nearly depleted sandstone/limestone oil and gas reserves, oil 
and gas bearing shales, active and abandoned storage fields, saline formations, 
salt caverns/beds, and hydrates.  Thus, the focus on regulatory, permitting, and 
safety analysis for geologic sequestration would be focused on these areas. 
 
Examination of Regulatory, Permitting, and Safety Issues 
 
More specifically, the regulatory, permitting, and safety framework analysis and 
action plan development would principally focus on four key areas: 
 

• Capture; 
• Transport; 
• Injection; and, 
• Storage.5 

 
Capture 
 
Capture of CO2 from anthropogenic, or man-made, sources is presently being 
performed in the SECARB region, and in some instances with processing 
activities to enhance purity, to feed EOR and enhanced gas recovery (EGR) 
projects and can be anticipated to increase in frequency as geologic 
sequestration becomes deployed on a more significant scale.  At present, the 
existing regulations are likely of limited utilization for future geologic 
sequestration, which will include elements of capture and separation of CO2 from 
flue gas streams and other point sources.  Thus, it would seem that the future of 
                                                 
4 Interstate Oil and Gas Compact Commission Geological CO2 Sequestration Task Force, Final Report, 
March 2005. 
5 These key areas of analysis have been selected both for reasons of sound regulatory analysis and 
practical considerations.  For reference, the IOGCC Task Force and the Carbon Sequestration Leadership 
Forum Legal, Regulatory, and Financial Issues Task Force have both selected similar breakdowns for their 
analysis efforts. 
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capture regulations will rely upon the answer to whether CO2 will be defined as a 
commodity, waste, or pollutant under Federal, state, or Federal and state laws 
and regulations, including UIC regulations. 
 
Transport 
 
The arena of CO2 transport is a little more complex today, but also more 
applicable to the future world of wide-scale geologic sequestration.  Transport of 
CO2 is currently conducted through pipelines, generally, and with the support of 
three primary mechanisms: 
 

• High pressure, or supercritical phase (i.e. above 1180 psi); 
• Lower pressure gas transmission; and, 
• Refrigerated liquid transmission (also commonly used for rail and 

truck transport). 
 
The SECARB region is fortunate, and perhaps unique as compared to a number 
of other RCSPs, because the region already has a functioning CO2 transport 
infrastructure.  CO2 pipelines exist in Louisiana and Mississippi.  Denbury 
Resources, Inc. (Denbury), is selling CO2 commercially (primarily to the food and 
beverage industry), and currently seems to be expanding its supply.  Denbury 
may also be a major consumer of CO2 for enhanced oil recovery.  Several 
SECARB Technology Coalition Members and others in the SECARB region have 
publicly expressed interest in the use of CO2 for recovery of coal bed methane 
gas.  The latter two are particularly important in the region because of the 
extensive oil production along the Gulf Coast, and the coal beds in Mississippi, 
Alabama, and Tennessee.   

 
The CO2 infrastructure in the region includes pipelines and other transportation 
infrastructure, separation and purification capabilities, and a network of 
equipment suppliers.  These existing pipelines are regulated by the Office of 
Pipeline Safety (OPS) of the U.S. Department of Transportation (USDOT).6  U.S. 
states may also be involved in the regulatory process for these CO2 pipelines 
under partnership agreements with OPS.  In most instances, regulatory 
responsibilities the smaller diameter gathering lines for the CO2 tend to fall to the 
states.  Moreover, rail and truck transportation tend to be regulated primarily by 
state entities. 
 
While the existing SECARB infrastructure is robust, the opportunity to leverage 
this infrastructure may not be as significant.  Presently, the CO2 pipelines assets 
tend to be closely controlled, and without options for open access-based 
utilization. 
 
Injection and Storage 
 
                                                 
6 49 C.F.R. 195. 
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Injection and storage, like transport, has a robust history, both in terms of 
practices and regulations, to rely upon for the future of sequestration.  Due to the 
fact that the regulatory, permitting, and safety frameworks for injection and 
storage will likely be linked closely, these two topic areas will be discussed 
together. 
 
In terms of practices, the American Petroleum Institute (API), American Gas 
Association (AGA), and the American Society for Testing and Materials (ASTM) 
have established materials selection standards for well casing and down hole 
equipment, wellhead equipment, cement types and other relevant oilfield 
equipment and facilities that meet prevailing standards in states under UIC laws 
and regulations.  Logically, these established practices and industry standards 
would adequately address materials standards for geologic carbon sequestration. 
 
While clarity may exist with regard to industry standards for well construction, 
maintenance, and operation, less agreement is found regarding the rules and 
regulations for the potential geologic sinks.  While present state regulations 
would generally permit injection of CO2 into depleted oil and natural gas 
reservoirs, for EOR, EGR, and enhanced coal bed methane (ECBM) purposes, 
and into deep saline formations, the treatment of salt cavern utilization is less 
consistent.  In fact, in some SECARB states, including Alabama, salt cavern 
storage would not be permitted by existing statutes. 
 
Although the USEPA has indicated that CO2 regulation is beyond its mandate 
under the Clean Air Act, the USEPA may play a significant role in voluntary GHG 
management programs as USEPA could have the primary authority for 
structuring geologic sequestration program requirements, and in some instances, 
applying them.  This would be dependent upon whether geologic carbon 
sequestration is governed under the UIC Program of the SDWA.  Based upon the 
IOGCC Task Force recommendations and the general consensus of other 
interested parties, it seems that at a minimum the USEPA will play this role, at 
least with respect to geologic sequestration activities related to enhanced 
hydrocarbon recovery.  More details on the SDWA, the UIC Program, and their 
applicability to the arena of geologic sequestration follows. 
 
The SDWA of 1974 requires that the USEPA determine the need for and to 
promulgate regulations sufficient to protect underground sources of drinking 
water (USDWs).  A USDW is any aquifer that contains a volume of water such 
that it is a present, or viable future, source for a public water system, contains 
water with less than 10,000 parts per million total dissolved solids, and is not 
exempted.7  Section 1421 of the SDWA mandates that the USEPA establish 
rules for UIC programs, which apply to certain types of wells for which five 
classes exist as shown in Figure 1 below.8  Under SDWA Section 1423, states 

                                                 
7 United States Environmental Protection Agency (USEPA), Drinking Water Pocket Guide #2:  Protecting 
Drinking Water Through Underground Injection Control, January 2002. 
8 SDWA § 1421; 42 U.S.C.A §300h.; 40 CFR Parts 144-148. 
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may, although need not, acquire primacy for enforcement.9  The goal of the 
USEPA UIC Program is to protect public health through the protection of 
USDWs.10  USEPA estimates indicate that the nation’s most accessible 
freshwater is stored in geological formations, known as aquifers, which in many 
instances, USEPA estimates indicate that these resources are utilized to 
recharge 41 percent of streams and rivers and serve as resources for 89 percent 
of public water systems in the U.S.11  Underground injection is the practice of 
placing fluids underground, in porous formations of rock, soils, or rock and soils, 
through wells. 
 

                                                 
9 SDWA § 1421; 42 U.S.C.A §300h-2; 40 CFR Parts 144-148. 
10 USEPA, “UIC Program Overview,” Sequestration Workshop, February 2-3, 2004. 
11 USEPA, “USEPA’s Program to Regulate the Placement of Waste Water and other Fluids Underground, 
December 1999. 
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Disclaimer* 
 
“This report was prepared as an account of work sponsored by an agency of the 
United States Government.  Neither the United States Government nor any agency 
thereof, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process disclosed, or 
represents that its use would not infringe privately owned rights.  Reference herein 
to any specific commercial product, process, or service by trade name, trademark, 
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any agency 
thereof.  The views and opinions of authors expressed herein do not necessarily 
state or reflect those of the United States Government or any agency thereof.” 
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Abstract  
 
Work performed at the Diagnostic Instrumentation and Analysis Laboratory at 
Mississippi State University in support of the Southern States Energy Board Phase I 
Southeast Regional Carbon Sequestration Partnership is described. The work period 
extended for two years and contained investigations associated with characterizing 
the region, an evaluation of terrestrial sequestration, summarizing MM&V 
technologies, extending MM&V to CO2 transportation activities, and an assessment 
of economic opportunities associated with carbon sequestration. Additional details 
are provided regarding leveraged opportunities that arose from these efforts. 
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Executive Summary 
 
Efforts at the Diagnostic Instrumentation and Analysis Laboratory at Mississippi 
State University have focused on two primary areas, characterization of the region 
and the development of Monitoring, Mitigation, and Verification, (MM&V). Initial work 
was aimed at evaluation of the existing usage and transport infrastructure available 
in the Southeast U. S. for CO2. Regional characterization proceeded with an 
evaluation of terrestrial sequestration sinks and further consideration of enhanced 
gas retention through opportunities such as reforestation and the use of best 
agricultural practices. MM&V studies were centered on identification of the critical 
issues and specific needs for a given sequestration mechanism (terrestrial, 
geological, and oceanic). An extensive review of the literature was conducted and a 
number of promising MM&V technologies were recommended to be further 
developed and some monitoring deficiencies were identified. Foremost among these 
was the need to be able to distinguish a small leak of sequestered CO2 from the 
ambient environment.  
 
Examination of the current development of MM&V allowed for the realization that 
although DOE has developed MM&V roadmaps for terrestrial and geological 
sequestration and for CO2 capture and storage, no document currently exists for 
transportation. Study of the literature associated with CO2 transport leads to a down-
selection of CO2 transportation to major categories: pipeline transport and tank 
transport. Critical issues and MM&V technology needs in CO2 transport have been 
identified.  
  
Finally, during the course of this work, a number of opportunities have been 
identified that are likely to result in positive economic impact associated with 
sequestration. These not only include the continued and expanded use of CO2 in 
enhanced oil recovery, but also projections associated with the increased use and 
benefit of hardwood furniture, housing, reforestation, and applications to coal-bed 
methane recovery. Alternative storage applications such as biomineralization and 
the use of CO2 clathrates, while requiring additional evaluation, are expected to be 
needed in considering overall sequestration options. 
 
 
 
Experimental 
 
Due to the nature of the project, no experimental methods, materials or equipment 
are necessary. 
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Results and Discussion 
 
In what follows the results obtained during the past 2 years are summarized. Initial 
results and discussions are presented for characterization of the Southeast region 
and include brief discussions of the primary uses for CO2 in the region, the available 
infrastructure, and a GIS study performed by Applied Geo Technologies identifying 
fossil-fired facilities in the Southeast region.  Following this section the work 
performed on evaluating the current and future potential capacity for terrestrial 
sequestration is described. An evaluation of MM&V as applied to terrestrial, 
geological, and oceanic storage is then given along with recommendations for 
improvements primarily aimed at monitoring and CO2 diagnostics. This information, 
along with additional evaluation of transport requirements is then used to establish 
an MM&V plan and an accompanying roadmap for transportation. Information from 
these as well as other studies is then considered with regard to the potential of 
making sequestration a paying proposition. Both terrestrial and geological 
opportunities are evaluated. Leveraged work that has resulted based on the award 
of the Phase I project to DIAL is described. This includes current efforts to develop a 
prototype instrument for NETL to allow discrimination between sequestered and 
local atmospheric CO2 and proposals developed and submitted to DOE and other 
agencies.  Finally, the principle results of the work are summarized.  
 

Characterizing the region  
 
CO2 infrastructure, Transportation and Usage 
 
The primary infrastructure for CO2 in the SECARB region is based on truck or rail 
transport. At present Denbury Resources Inc. owns rights to the CO2 present in the 
Jackson dome, the only known natural deposit in the region. Denbury also owns and 
operates a pipeline running from the natural source to fields located near the town of 
McComb in Southwest Mississippi. The company plans to develop a second pipeline 
from Jackson to perform tertiary oil recovery on fields in eastern Mississippi near 
Heidelberg. No other CO2 pipelines are currently located within the confines of the 
SECARB 11 State region. Current costs of pipeline construction approach $500,000 
per mile. 
 
The primary application of CO2 in the region is for the beverage market which 
accounts for 40% of the total use. Food preservation and processing usage is 
slightly less than 40% with the remaining CO2 used for industrial operations. Gas 
from the Jackson dome is predominantly employed for food and beverage 
applications. There is tremendous potential for both enhanced coal bed methane 
(ECBM) recovery and enhanced oil recovery (EOR) in our region.  In southern 
Mississippi alone, Denbury (the largest oil producer in the area) estimates that 
southern Mississippi oil production could utilize the entire annual CO2 output from a 
1 GW coal burning utility.  The CO2 purity required for EOR is very low; however, 
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transport through pipelines introduces stringent corrosion controls on trace 
component content (see section on MM&V for transportation). Further development 
of pipelines within the region will be driven by the private sector based on the oil and 
natural gas markets.  
 
Power Plant Locations in the SECARB Region 
 
In the first year of this project DIAL awarded a subcontract to Applied Geo 
Technologies, a Corporation under the Mississippi Band of Choctaw Indians, to 
provide locations of all of the fossil-fired facilities within the region. The following 
report is a result of this work along with the data given in Appendix 1.  
 
Atmospheric levels of CO2 have cyclically risen 25% over the past decades. 
Scientific study suggests that the rise in atmospheric CO2 levels is due to the 
extensive use of hydrocarbons for many forms of energy. With global energy use 
from countries like China and India increasing, carbon emissions will continue to 
impact our atmosphere and environment.  Unless we change the way we produce 
and use energy, we should consider how to manage carbon. One way is to increase 
energy efficiency in everything we use in our daily lives, from the miles per gallon 
our car uses to your home’s electrical and heating and cooling needs. Another way 
is to find alternate energy sources, such as nuclear power and renewable sources 
such as solar energy, wind power, and biomass fuels. Yet one of the newest and 
most promising technological approaches to limiting CO2 in our atmosphere is 
carbon sequestration.  Carbon sequestration refers to the provision of long-term 
storage of carbon in the terrestrial biosphere, underground, or the oceans so that the 
buildup of carbon dioxide (the principal greenhouse gas) concentration in the 
atmosphere will reduce or slow.  

 
In developing a new and better technology to store or ingest CO2 from our 
atmosphere, we must first spatially understand where the CO2 is being produced.  
One of the major producers of atmospheric CO2 (other than the automobile) is 
hydrocarbon power plants.  These high producing CO2 areas can be identified and 
modeled with geographic information systems (GIS) and analyzed to influence future 
decision making. Base layers such as topography, hydrology, geology, soil, 
vegetation, population centers and weather patterns can help determine where new 
carbon sequestration technologies could be implemented and produce the largest 
overall benefit.  For example, planting different plant species with enhanced levels of 
CO2 use or storage around power plant wind corridors could result in favorable 
storage of atmospheric CO2.  Geographically, the accurate location of the power 
plants could influence where certain programs should be initiated and what 
quantitative measures should be used.  In researching the availability of such 
information, the Environmental Protection Agency has already made a significant 
effort to quantify the amount of atmospheric CO2 (among other greenhouse gases) 
in its EGRID (Emissions & Generation Resource Integrated Database) program.  Yet 
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due to EGRID’s coarse spatial information (many of the locations where only found 
within the county), Applied Geo Technologies was assigned to identify and validate 
existing coordinate information from the EGRID database for 9 states in the 
southeastern United States. 

 
To identify such a large amount of spatial information, Applied Geo Technologies 
used its’ GeoORTHO aerial photography database for the southeastern United State 
to validate each of the coordinates supplied by the EPA’s EGRID database.  
GeoORTHO is a Black-and-White, seamless, blended mosaic of USGS Digital Ortho 
Quarter Quad (DOQQ) aerial photography in one and four meter resolutions. The 
mosaic covers most of the continental United States.  The GeoORTHO imagery 
meets National Map Accuracy Standards of 1:24,000.   With such a high level of 
accuracy from the base aerial data, standard aerial photography techniques such as 
identifying high transmission right-of-way power lines and corridors, cooling towers, 
and large water sources made the project feasible.  Below shows an example of the 
process for each power plant’s coordinate received and identifies that coal is being 
used at this facility. 

 
 
Figure-1 GeoOrtho Images indicating a power plant and associated  
               coal feedstock. 
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In general, most of the major power plants were identified by latitude and longitude 
for the region, but a large amount only had the center of the counties’ geographic 
area for the latitude and longitude value of the plant location.  Only 190 of the 370 
power plants were identified as “found”, which means they were found within a ½ 
mile distance of the plant.  The EPA/EGRID database was used due to the ease of 
availability, but due to post 9/11 concerns, no other governmental agency would 
share precise GPS location data in reference to the power plants. Results of the 
analysis are contained in Appendix 1. 
 
Further direct terrestrial characterization of the region was also performed. These 
details are given below followed by an assessment of the improvement in 
sequestration that can be attained using best practices.  

 
Terrestrial Sequestration in the SSEB Region 
 
Evaluation of terrestrial sinks in the region began be collating available data from 
regional inventories. Such information is necessary for examining the economical 
feasibility of a particular technology and is a prerequisite for further development of 
systems of regional and national carbon emission trading or markets (North East 
State Foresters Association, 2002; Idaho Soil Conservation Commission, 2003). 
 
Global terrestrial carbon storage has been estimated at 2500 Pg C (Eswaran et al., 
1999). The current terrestrial biomass is 560 Pg C (Schlesinger, 1995). Global soil 
carbon, considered as the depth of 1m, has been estimated at 2157-2296 Pg C. This 
capacity has been estimated to contain 1462-1550 Pg C of soil organic carbon and 
695-748 Pg C of soil carbonate carbon (Batjes, 1996; Lal and Kimble, 2000). North 
America has 346.7 Pg C of total soil organic carbon, of which 72.9 Pg C is in soil 
organic carbon storage (Waltman and Bliss, 1997). Bliss et al. (1995) estimated soil 
organic carbon storage in the southeast and south central US. There are, however, 
no detailed documents on the distribution at the State level and other major 
terrestrial carbon pools including biomass carbon storage in forest, crops, and 
grasses.  
 
The terrestrial ecosystems in the Northern Hemisphere have been suggested to 
significantly sequester atmospheric CO2 (Fan et al., 1998; Houghton et al., 1999; 
Schimel et al., 2000). Both land and atmosphere based approaches give a 
consistent conclusion that the US terrestrial ecosystem is a relatively stable net sink 
(Schimel et al., 2000; Pacala et al., 2001). It has been reported that terrestrial 
carbon sequestration with proper land management could offset 10 to 30% of US 
fossil fuel emissions (Houghton et al., 1999; Holland et al., 1999). Bruce et al. (1999) 
and Lal et al. (1999) reported that soil carbon sequestration may achieve about 15% 
of the total annual mitigation targets for the United States and Canada under the 
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Kyoto Protocol and that U.S. cropland could sequester 123-295 Tg C/year by 
adopting best agricultural practices and other policies.  
Current annual rates of various terrestrial carbon pools in mitigating greenhouse gas 
emission at State and regional levels are poorly understood and documented. The 
potential of enhancing terrestrial carbon sequestration in the southeast and south-
central US has not been studied in detail. Consequently, the work at DIAL on 
quantifying terrestrial sinks in the region was aimed at the following: 
 

• Determination of the current annual rates of terrestrial carbon 
sequestration in each State within the region 

• Evaluate  the overall contribution of terrestrial carbon 
sequestration to mitigate total greenhouse gas emission  

• Estimate the current baseline for possible carbon trading in the 
region  

• Assess the potential for further enhancing terrestrial carbon 
sequestration, and  

• Understand the overall economic impacts of current and 
potential terrestrial carbon sequestration. 

 
Methodology   
 
Total terrestrial carbon storages in the region were estimated from the following 
major carbon pools: soil organic, forest biomass, crop biomass, and grass biomass.  
 
Soil organic carbon pools in Alabama (AL), Arkansas (AR), Florida (FL), Georgia 
(GA), Mississippi (MS), North Carolina (NC), South Carolina (SC), Tennessee (TN), 
Texas (TX), and Virginia (VA) were cited from Bliss et al. (1995). For Louisiana (LA) 
the soil organic carbon pool was estimated from the regional carbon density and 
land area. 
 
The forest biomass carbon pool in the region has been assessed from total biomass 
in the timberland of the region (Smith et al., 2001). The average carbon content in 
dried forest biomass is assumed to be 50% (Birdsey, 1996).   
 
Agricultural crop and pasture biomass carbon pools (actually on an annual basis) 
were estimated from yields of major crops and pasture in the region. Crops include 
rice, corn, soybean, cotton, barley, wheat, oats, sorghum, peanuts and tobacco. 
Yields of these crops were cited from USDA National Agricultural Statistics Service 
(2003). Biological yields, i.e., the biomass aboveground, were calculated from yields 
and harvest index, (i,e, aboveground biomass of each crop = crop yield x harvest 
index). The harvest index is defined as a ratio of yields to biological yields of the 
aboveground. Underground biomass of each crop is calculated from aboveground 
biomass and ratios of roots/shoots (i.e., underground biomass of each crop = 
aboveground biomass x ratio of roots/shoots). Overall biomass including 
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aboveground and underground was estimated from both harvest index and ratios of 
roots/shoots. The average harvest index and ratios of roots/shoots for major crops 
published in the literature were used in this study (Stoskopf, 1981; Pettigrew, 2003; 
Arnold et al., 1995; Klepper, 1991). The total biomass for each crop consists of 
aboveground biomass and underground biomass. The total crop/grass biomass in 
each state is the sum of biomass of all major crops/grasses grown in each state.  
The total biomass in the region is the sum of all biomass in each state. An average 
45% of carbon content was used for assessing total biomass carbon pools in both 
agricultural crop biomass carbon pool and pasture biomass carbon pool (Kucharik 
and Brye, 2003). 
 
Terrestrial carbon sequestration potentials in the region were estimated from 
forestland, cropland and grassland by using the average rates of potential carbon 
gain in each category through proper policies and sound management practices 
(Bruce et al., 1999). The potential rates of carbon gain per hectare are the average 
estimates for soils in the United States and Canada within two decades with the best 
possible carbon-conserving practices. We used the potential rate of C gain of 0.4 Mg 
(x 106 g) C/ha/year for cropland under favorable climate and for woodland, while 0.2 
Mg C/ha/year potential rate of C gain for grasslands. This estimate assumes that the 
best possible practices are adopted on all identified land at the beginning of the next 
two decades. The assumption clearly overestimates achievable carbon gains. The 
actual adoption of these practices in the future is uncertain depending upon the 
policies adopted and changing economic and political factors. Also since reduced 
tillage and other practices have been already in use on some lands, the total further 
carbon gain may be lower than the estimates. The potentials in the forestland, 
grassland and cropland are the estimated C gain of soil carbon. The potentials of C 
gain in each category of lands are the potential soil C gain by simply multiplying the 
land area by the potential rate of C gain per hectare in each category. The total 
potentials in each state are the sum of potential C gain in forestland, cropland and 
grassland, while total potential C gain in the region is the sum of potential increases 
in each state.   
 
Total greenhouse gas emissions in AL, FL, GA, KY, LS, MS, NC, TN, TX and VA 
during 1990 and/or 1992 were cited from USEPA (2003a, b). AR and SC do not 
have complete data on greenhouse gas emission due to lack of information in the 
waste, agriculture, and industry sectors.  
 
The regional economic impact of terrestrial carbon sequestration was estimated by 
calculating the total cost for capturing and sequestering carbon, which is annually 
sequestered by terrestrial ecosystems with current separation, capture, transport 
and injection technologies. The separation and capture cost account for 75-80% of 
the total cost (Herzog, 2001). Currently, monoethanolamine solvent absorption 
(MEA) has been used to capture CO2 in the pulverized coal-fired (PC) and natural 
gas-fired combined cycles (NGCC), while integrated coal gasification combined 
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cycles (IGCC) use physical scrubbing absorption to capture CO2 (David and Herzog, 
2000). 
 
In this study, we used $50/ton of CO2, i.e. $185 /ton of C as the total current cost of 
capture and sequestration of one ton of CO2 or C. The total economic impacts of 
current annual C sequestered in the terrestrial ecosystem of each state are 
equivalent to the product of total annual carbon in each state multiplied by $185/ton 
of C, while  economic values of potential C sequestered in each state is the product 
of the potential C sequestered multiplied by $185/ton of C. The total economic 
impacts in each state are the sum of the economic values of both current C 
sequestered and potential C gain. Finally, the total values of the region are the sum 
of all economic values of both current C sequestered and potential C gain in each 
state. 
 
The life cycle of carbon in crop and pasture biomass is strictly short-term; 
consequently these categories of biomass carbon were not regarded as terrestrial 
carbon sequestration sinks for mitigating greenhouse gas.  
  
Terrestrial Carbon Storage in the Region 
 
The existing total terrestrial carbon storage in southeast and south-central US (11 
states) was estimated to be 21.1 Pg C (Table 1, Figure 2).  
 
Table 1 Total terrestrial C pools in southeast and south-central USA 
 State Soil Organic  Forest  Biomass 

Crop 
 Grass Total  

 
 (Tg C) (Tg C) (Tg C) (Tg C) (Tg C) 
AL 535 489 1.3 1.3 1027 
AR 814 482 22 2.9 1321 
FL 3504 252 0.3 0.7 3757 
GA 1232 514 3.7 1.6 1751 
LA 1100 376 8.7 0.7 1485 
MS 457 450 7.0 1.3 915 
NC 1761 517 7.4 1.8 2287 
SC 888 262 1.9 0.7 1153 
TN 408 389 5.2 4.7 807 
TX 5320 269 21 8.9 5619 
VA 516 455 6.3 3.2 980 
Sum 16535 4454 85 28 21102 

(a) Annual Basis (see text) 
 
Soil organic matter is the largest segment of the terrestrial pool representing 78 %, 
followed by forest biomass at 4.45Pg C or 21%. Carbon storage in agricultural crops 
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and grass biomass totals 113Tg C and accounts for less than 1% of the total carbon 
pool.  
 

Soil Organic C:
16535 Tg C, 78.4%

Forest C: 
4454 Tg 
C, 21.1%

Crop+Pasture C: 113 
Tg C, 0.53%

Total Terrestrial C Pools: 21102 Tg C
 

Figure 2   Total terrestrial carbon pools in the region.  
 

Texas has the highest total terrestrial carbon storage (5.6 Pg C), accounting for 
26.6% of that in the entire region (Table 1, Figure 3). Tennessee and Mississippi 
have the lowest terrestrial carbon storage each accounting for about 4 % of the 
regional total.  
 
The different pool fractions for the different States suggest possible routes for 
enhancing the terrestrial storage capacity. For example, most of the southeast and 
south-central states have similar forest biomass carbon storage (around 450 to 520 
Tg C). Florida, South Carolina, and Texas, however, have relatively low forest 
biomass carbon storage (around 250 Tg C for each state). Forest biomass carbon 
represents 40-50% of the total terrestrial carbon storage in Alabama, Mississippi, 
Tennessee, and Virginia, while it accounts for 4.8-6.7 % of the total terrestrial carbon 
storage in Florida and Texas. 
 
The soil organic carbon and forest carbon in the US has been estimated to be 110.9 
Pg (72.9 Pg for soil organic carbon and 38 Pg for forest carbon) (Waltman and Bliss, 
1997; Washington Advisory Group LLC, 2002). Terrestrial carbon storage, soil 
organic and forest carbon in the southeast and south-central US, accounts for 18.9% 
of the total terrestrial carbon storage in the US.  This is in agreement with the fact 
that 20.6% of the land area in the country is within the SSEB region. The terrestrial 
carbon density in the region is in the range of the average terrestrial carbon density 
in the US. Total soil organic carbon in the region represents 22.7% of the total soil 
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organic carbon in the US, while the total forest carbon in the region accounts for 
11.7% of total forest carbon in the US.  
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Figure 3   Terrestrial carbon pools in each State.  

 
Current Assessment of Terrestrial Sinks 
 
The total annual terrestrial C sink in the region was estimated to be 189.1 Tg C/year 
(Table 2, Figure 4). Texas is the leading state (38 Tg C/year), accounting for 20.1% 
of the total annual terrestrial C sink in the region, followed by Arkansas (31.4 Tg 
C/year, or 16.6%) (Figure 5). South Carolina and Florida have the smallest total 
annual terrestrial C sink (6.4 Tg C/year, or 3.4% for each state).  
 
Forests account for 76 Tg C/year or 40.2% of total annual C sink in the region and 
27% of the total annual carbon accumulation in the US forest (Figure 4). Total 
annual US forest carbon accumulation from 1952 to 1992 was 281 Tg C/year (US 
Department of Energy, 1999). The contribution of the regional forest C accumulation 
to the overall US forest carbon accumulation is in proportion to the forestland. The 
area of the SSEB region encompasses 78,470 thousand hectares, representing 30% 
of the total forestland in the US (total forestland in the US is 259,822 thousand 
hectares) (USDA National Agricultural Statistics Service, 2003). Katul et al. (1999) 
reported that forests in southeast US are a dominant C sink, accounting for 50% of 
the carbon sequestered in North America. 
 
Differences among the States in the region can be seen in Figure 5. Georgia has the 
highest absolute annual C sink in forest biomass while South Carolina accounts for 
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4.9% of the total forest sink in the region. Compared to other sinks, Alabama has the 
highest percentage in forest (77%) of its total annual biomass C sink, followed by 
Georgia (68%). Texas and Arkansas have the smallest percentage in forest (20%). 
The current values (76 Tg C/year) of annual carbon accumulation as forest biomass 
in the region is in agreement with other estimates (Delcourt and Harris 1980)  

Crop C: 85.3 Tg C/yr, 
45.1%

Forest C: 
76 Tg C/yr, 40.2%

Pasture C:
27.8 Tg/yr, 

14.7%

Total Annual Terrestrial Biomass C Sink: 189.1 Tg 
 

Figure 4   Current annual biomass carbon sinks in the region.  
 
Table 2 Current annual terrestrial biomass carbon pools (Tg C/yr) in the region. 
State  Forest Biomass Crop  Grasses Total C as biomass 

AL 8.7 1.3 1.3 11.3 
AR 6.5 22 2.9 31.4 
FL 5.4 0.3 0.7 6.4 
GA 11 3.7 1.6 16.3 
LA 5.9 8.7 0.7 15.3 
MS 7.8 7.0 1.3 16.1 
NC 8.5 7.4 1.8 17.8 
SC 3.7 1.9 0.7 6.4 
TN 4.3 5.2 4.7 14.3 
TX 7.8 21 8.9 38.0 
VA 6.3 6.3 3.2 15.8 
Sum 76.0 85.3 27.8 189.1 
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Figure 5   Components of current annual biomass carbon sink in  
                 each State. 
 
Total annual carbon storage in crop biomass including roots and aboveground 
shoots was estimated to be 85.3 Tg C/year, accounting for 45.1% of the total annual 
terrestrial C sink in the region (Figure 5). Total carbon in grass biomass is around 
27.8 Tg C/year (14.7% of the annual sink). Total carbon storage in crop and grass 
biomass pools is 113.1 Tg C for the region. Arkansas and Texas have the highest 
carbon storage in crop biomass (21-22 Tg C/year). Florida has the lowest carbon 
storage in crop biomass (0.33 Tg C/year), followed by Alabama (1.3 Tg C/year) and 
South Carolina (1.94 Tg C/year). The rest of the states are in the range from 3.7 to 
9.3 Tg C/year. Similarly, Texas has the highest carbon pools in grass biomass (8.9 
Tg C/year), followed by Tennessee (4.7 Tg C/year), while Florida, Louisiana, and 
South Carolina have the lowest carbon pool in grass biomass (around 0.7 Tg 
C/year). Carbon storage in crop and grass biomass in Florida only accounts for 
10.7% of total annual terrestrial carbon storage in that state.  
 
In evaluation the annual soil organic matter accumulation in the region the rate of 
soil organic carbon sequestration suggested by Schlesinger (1990) was used. An 
estimated annual soil organic carbon accumulation of around 3.8 Tg C/year, 
accounting for 1.9% of the total terrestrial annual C sink in the region. The actual 
annual soil organic carbon storage in the region at state level requires further study.  
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Greenhouse Gas Emissions  
 
Complete data on greenhouse gas emission from energy, waste, agriculture and 
industry sectors in the region in 2000 at state levels are not available; consequently, 
the total greenhouse gas emission in 1990 was used in the study. Total annual 
greenhouse gas emission (including all greenhouse gases) in the region in 1990 was 
504.5 Tg C/year, amounting for 30.1 % of the total emission in the US (Table 3). 
This data excluded Arkansas and South Carolina due to lack data from waste, 
agriculture and industry sectors. Texas has the highest greenhouse gas emission 
followed by Louisiana and then Florida. The total US greenhouse gas emission in 
1990 was 1674 Tg C and has been increasing gradually (USEPA, 2003b). In 2000, 
the total US emission was 1922 Tg C (USEPA, 2003b). The energy sector 
contributed about 85.2% of the total greenhouse gas emission in the region, followed 
by agriculture (8.0%) and waste. Louisiana, Georgia, Florida, and Alabama have 
more than 90% of their greenhouse gas emissions from the energy sector, while 
Mississippi has the lowest percentage (55%). In contrast 40% of carbon emissions in 
Mississippi arise from agriculture. 

 
Further distributions of the emissions from energy are delineated in Table 4. 
Energy usage in Texas represents the largest emissions of all of the States in the 
region. Next in line is Louisiana which accounts for 41% of the usage in Texas. 
South Carolina and Mississippi together account for less than 7% of the total energy-
based carbon emissions in the region.  
Table 3 Total greenhouse gas emission (Tg C) from the region in 1990 
 
State Total 

Energy(a)  
Waste Agriculture Industry Total C 

Emission   
AL 34.1 1.8 1.0 0.7 37.6 
AR 13.9    NA(b) 
FL 50.7 2.7 2.5  55.9 
GA 40.8 1.7 1.5 0.8 44.8 
LA 63.5 1.1 1.4 2.3 68.3 
MS 13.9 0.9 10.2 0.1 25.1 
NC 30.4 1.5 2.3 0.1 34.3 
SC 15.4    NA(b) 
TN 26.8 1.5 1.3 0.7 30.3 
TX 154 5.3 9.4 5.0 173 
VA 28.1 5.8 0.8 0.3 35 
Sum 471 22.3 30.4 10 505 
(a) Entries in the total energy column represent contributions from residential, 
commercial, industrial, transportation, utility, and other energy uses.  
(b) Associated data for Arkansas and for South Carolina were not found (see text). 
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Table 4 Carbon emissions (Tg/yr) for specific energy subsectors.  
 

State Residential Commercial Industrial Transport Utility Other Total 

AL 0.9 0.7 8.2 7.8 13.5 3.1 34.1 

AR 0.7 0.5 2.5 4.4 5.9  13.9 

FL 0.6 1.5 3.3 22.1 23.3  50.7 

GA 1.6 1.0 6.2 15.1 16.7  40.8 

LA 0.9 0.4 34.9 16.1 9.0 2.3 63.5 

MS 0.5 0.4 2.9 6.2 3.0 0.9 13.9 

NC 1.4 0.9 5.8 10.4 11.4 0.5 30.4 

SC 0.6 0.4 2.5 6.0 6.0  15.4 

TN 0.9 0.9 4.3 8.4 12.0 0.0 26.8 

TX 3.5 3.3 52.3 42.1 48.3 3.9 154 

VA 2.0 1.1 6.4 11.2 5.7  28.1 

Sum 13.5 11 129 150 155 10.7 471 

 
Annual Forest Carbon Storage and Mitigation of Emissions  
 
Forest biomass (76 Tg C/year, excluding Arkansas and South Carolina) is a large 
terrestrial sink within the region (Figure 4). Given that the total annual greenhouse 
gas emission is 504.5 Tg C annually, the annual forest carbon sink can offset 13% of 
the total carbon emissions, Table-5.  
 

     Table 5 Percentages of current annual forest carbon storage over the total 
greenhouse gas emission in the region (%) 

State Total Carbon Emission        Annual Growth of forest biomass C sink 
         Tg /year Tg C/yr % of the total emissions accounted 
AL           37.6    8.7                   23.1 
AR            NA    6.5  
FL           55.9    5.4                     9.7 
GA           44.8  11.0                   24.6 
LA           68.3    5.9                     8.7 
MS           25.1    7.8                   31.2 
NC           34.3    8.5                   24.8 
SC            NA    3.7  
TN           30.3    4.3                   14.3 
TX         173.2    7.8                     4.5 
VA           35    6.3                   18.0 
Sum         504.5  76.0                   13.0 
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The annual forest carbon sink in Mississippi, Figure-6, nominally compensates 
31.2% of that States total greenhouse gas emission. North Carolina (24.8%), 
Georgia (24.6%), Tennessee (14.3%), and Virginia (18%) also exhibit large potential 
compensations (Figure 6). Texas has only 4.5% of its total greenhouse gas emission 
offset by annual terrestrial carbon sink, followed by Louisiana (8.7%) and Florida 
(9.7%). 
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      Figure 6   Contribution of annual forest biomass carbon sink to  
                       mitigation of total emissions in each State. The total greenhouse     

                            gas emission in Arkansas and South Carolina was not available;  
                            consequently the calculation excluded these two states. 

 
Potential of Terrestrial Sequestration  
 
The total land area in the region amounts to 1583 thousand km2. There are 377, 471 
and 736 thousand km2 of cropland, grassland and forestland, respectively. Texas 
has the largest amount of cropland (26.7% of total land in TX) and grassland 
(65.4%), while other states are dominated by forest cover (60 to 70%).  

 
Various management practices can be employed for achieving and increasing the 
potential of terrestrial carbon sequestration in the region (Bruce et al., 1999; Cole, 
1996). For crops the following efforts have been considered: 
 

• Reduced tillage and no-tillage 
• Use of winter cover crops 
• Improved crop nutrition and yield enhancement 
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• Reduction of summer fallow 
• Proper crop rotation 
• Improved varieties 
• Irrigation and  
• Application of animal waste, organic manure, and amendments.  

 
With regard to grasslands improved grazing regimes, fertilizer application, and 
irrigation are among some of the efficient management options. Various 
conservation reserve programs could greatly increase the potential of carbon 
storage in the region. Reforestation and reestablishment of perennial grasses, 
erosion-prevention practices including grassed waterways, shelterbelts and riparian 
belts could be applied in re-vegetated or set-aside land (Bruce et al., 1999). 
Amendment and reclamation of mined land and degraded land through re-vegetation 
with fast-growing crops and grasses and reforestation, application of fertilizer and 
organic amendments, and drainage could considerably increase the potential of 
carbon storage. 

 
These management practices combined with reforestation could enhance carbon 
sequestration on these lands by 53.9 Tg C/year, accounting for 9.3% of current total 
annual greenhouse gas emission in the region (Table 6, Figure 7). The potential for 
forestland, cropland, and grassland was projected as 29.4, 15.1 and 9.4 Tg C/year, 
respectively (Figure 7). It has been reported that the potential for terrestrial carbon 
sequestration in US agricultural soils is on the order of 50-200 Tg/year over the next 
2-3 decades (Bruce et al., 1998; Lal et al., 1998). The potential in agricultural soils 
including grass land of the region could represent 13-52% of the potential in US 
agricultural soils estimated by Bruce et al. (1998) and Lal et al. (1998). Lal et al. 
(1999) reported that the total C sequestration potential in US cropland could offset 
8.5-9.8% of the total greenhouse gas emissions in the U. S.  

 
Among the 11 states, Texas has the largest potential of terrestrial carbon 
sequestration (16.3 Tg C/year) owing to the contribution from both crop (6.5 Tg/year) 
and grasslands (7.9 Tg/year). Alabama, Arkansas, Georgia, Mississippi, and North 
Carolina could have the potential of 4-5 Tg C/year, where the forestland is the 
biggest contributor (between 2 and 4 Tg/year). Cropland in Arkansas could also 
contribute 1.6 Tg C/year. However, a huge area of histosol in Florida may become a 
significant carbon source under cultivation. More work is needed to asses the 
behavior of histosol with regard to usage.  
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Table 6 The potential of terrestrial carbon sequestration (Tg / year)I n the region.  
State Total Carbon 

Emission 
Potential Terrestrial C Sequestration %  

  Cropland Grassland Forestland Sum  
AL 37.6 0.72 0.15 3.55 4.42 11.8 
AR NA 1.63 0.16 2.98 4.78  
FL 55.9 0.59 0.44 2.37 3.40 6.1 
GA 44.8 0.43 0.11 3.73 4.26 9.5 
LA 68.3 0.89 0.13 2.22 3.23 4.7 
MS 25.1 1.05 0.16 3.01 4.22 16.8 
NC 34.3 0.95 0.07 3.02 4.04 11.8 
SC NA 0.41 0.04 2.01 2.46  
TN 30.3 1.21 0.09 2.15 3.45 11.4 
TX 173 6.49 7.94 1.91 16.3 9.4 
VA 35.0 0.70 0.12 2.49 3.31 9.5 
Sum 505 15.1 9.4 29.4 53.9   
Average           9.3 

 
 
 

Forestland
29.4 Tg C/yr

54.6%

Cropland
15.1 Tg C/yr

28%

Grassland
9.4Tg C/yr

17.5%

Potential Annual C Sink: 53.9 Tg C/yr
 

 
 

Figure 7   The potential terrestrial carbon sequestration in the  
                 region. 
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Current and Potential Terrestrial Sequestration 
 
Terrestrial carbon sequestration is expected to play an important role in mitigating 
greenhouse gas emission in the region, Table-7. Overall the annual terrestrial 
carbon sequestration potential (existing + new) in the region could amount to ~130 
Tg C/year. This value neglects potential contributions from crop and grass systems 
owing to the need for additional data should widespread adoption of best practices 
occur.  
 
Table 7 Overall potential contributions (in Tg C/year) of annual terrestrial C 
sequestration to mitigating total greenhouse gas emission in the region.  
 
State Total 

Carbon 
Emission 

       Potential + Current Annual C Sink Overall 
Potential C Sink 
over Emission 
(%) 

  Current Annual Forest 
Sink (from Table 5  

Potential 
Sink (from 
Table 6) 

Total  

AL 37.6 8.7 4.4 13.1 34.9 
AR NA 6.5 4.8 11.3  
FL 55.9 5.4 3.4 8.8 15.7 
GA 44.8 11.0 4.3 15.3 34.1 
LA 68.3 5.9 3.2 9.2 13.4 
MS 25.1 7.8 4.2 12.0 48.0 
NC 34.3 8.5 4.0 12.5 36.6 
SC NA 3.7 2.5 6.2  
TN 30.3 4.3 3.5 7.8 25.7 
TX 173.2 7.8 16.3 24.1 13.9 
VA 35 6.3 3.3 9.6 27.4 
Sum 505 76 54 130 22.3 

 
Mississippi has the largest percentage of overall potential terrestrial carbon 
sequestration, Figure 8, followed by North Carolina, Tennessee, and Virginia. 
Louisiana, Texas and Florida have the smallest compensation from overall potential 
terrestrial carbon sequestration    

 
Best management practices of terrestrial ecosystems could effectively offset the total 
greenhouse gas emission in the region. The overall percentage of total greenhouse 
gas emission in the region in the early 1990s could be compensated by the current 
and potential increase of annual terrestrial carbon sink. This is in agreement with 
earlier estimates on the US terrestrial carbon sequestration potential. Houghton et 
al. (1999) and Holland et al. (1999) reported that terrestrial carbon sequestration in 
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the US due to land management could offset 10 to 30% of US fossil fuel emission. 
Our current study indicates that the annual terrestrial carbon sequestration potential 
could sequester almost one fourth of the total greenhouse gas emission in the 
region. Carbon pools in soil and forest have relatively longer cycle than those in 
crop/grass biomass. However, compared to other sinks such as geological 
sequestration and ocean sequestration, terrestrial carbon sequestration is a 
temporary sink. Nevertheless, with proper management, healthy terrestrial 
ecosystems could serve as a large carbon sink and a cost-effective alternative.  

 
Regional Economic Impacts of Terrestrial Sequestration  
 
Little information is available on the potential economics of sequestration activities 
primarily because a number of capture and storage activities are in development. As 
mentioned earlier a few facilities currently employ monoethanolamine solvent 
absorption. The total potential terrestrial carbon storage within the region amounts to 
$11.2 billion /year in MEA capture operating costs. Potential State costs savings due 
to terrestrial sequestration are given in Figure 9. 
 
Annual terrestrial forest carbon sequestration in George saves $1.6 billion, followed 
by Alabama and North Carolina, Mississippi, and Texas ($1.1-1.3 billion/yr). 
However, South Carolina and Tennessee save the least ($ 0.5-0.6 billion/yr). 
Furthermore, the potential of annual terrestrial carbon sequestration in the region 
could further add a value of $7.98 billion/yr through best management, as discussed 
above. Texas has the highest annual potential added value ($2.4 billion/yr), while SC 
and VA the smallest ($364-490 million/yr). Overall values of current and potential 
annual terrestrial carbon sequestration in the region could be $19.2 billion/yr. 
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Figure 8   Overall contribution of terrestrial carbon sequestration to  
                 mitigating total greenhouse gas emissions in the region. As in  
                 Figure 6 data from Arkansas and South Carolina were not available. 
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Figure 9   Economic impacts of terrestrial carbon sequestration in  
                 the region.  
 
 
 
Summary 
 
Current annual forest carbon sequestration in the region offsets 13% of the total 
annual greenhouse gas emission, equivalent to regional values of $11.2 billion/year 
with current state-of-art separation, capture and sequestration technology. There is 
the largest annual carbon deficit (149 T C/year) in TX, followed by LA (59 Tg C/ 
year) and FL (47 Tg C/year), and the smallest one (13 Tg C/year) in MS. Through 
proper policies and best management practices, about another 9.3% of the total 
greenhouse gas in the region could be further offset by terrestrial sequestration, 
which could save the region about $7.98 billion/year. Thus total value by current and 
potential annual terrestrial carbon sequestration in the region could reach $19.2 
billion/yr. MS is the leading state with the largest potential (offsetting 16.8% of total 
annual emission) and LA and FL have the smallest potential. Combined current 
annual rates and the potentials of terrestrial carbon sequestration, MS could have 
48% of its annual greenhouse gas emission potentially offset by its annual terrestrial 
carbon sequestration, followed by North Carolina (36.6%), Alabama, and George 
(both 34-35%). FL, LA and TX show smaller offset capacities (13-16% of their 
annual emission). These results suggest that terrestrial carbon sequestration could 
be the most cost-effective option for sequestering carbon in the region.  
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Survey of MM&V Technologies for Carbon Sequestration  
 
In the first year of the partnership, DIAL completed an initial survey of measurement, 
monitoring and verification technologies.  In addition, emerging technologies that 
may play an important role within five years were identified. MM&V needs that are 
either unfulfilled, or where there are significant opportunities for improvement, were 
noted. 
 
Goals for MM&V technology 

 
DOE goals for MM&V technologies are given as: 

 
• By 2006, DOE will apply promising MM&V  technologies in 

several field tests or commercial applications. 
• By 2008, MM&V  protocols will enable 95% of CO2 uptake in a 

terrestrial ecosystem to be credited, and represent no more than 
10% of the total sequestration cost. 

• By 2012, MM&V  protocols will enable 95% of CO2 injected into 
a geological reservoir to be credited, and represent no more 
than 10% of the total sequestration cost. 

 
It is therefore important to evaluate MM&V  technologies in terms of their ability to 
contribute to meeting those goals and in terms of effectiveness in achieving certain 
specific aims include measurement of the amount of CO2 stored at a specific 
sequestration site, monitoring of the site for leaks/deterioration over time, i.e., 
storage stability, and potential harm to the ecosystem, and a means to provide a 
warning or alarm upon CO2 leakage and possible ecological damage.  
 
Categories of MM&V  
 
MM&V  technologies can be classified into three broad application categories: 
subsurface, surface, and above-surface.  Subsurface MM&V  involves tracking the 
fate of the CO2 within the geologic formations underlying the earth and its possible 
migration to the surface. This area also encompasses developments to mitigate CO2 
leakage, should it occur. Surface MM&V  involves tracking carbon uptake and 
storage in the topsoil as well as tracking potential leakage pathways into the 
atmosphere from the underlying formation. This area is especially challenging due to 
the difficulty of detecting small changes in concentration above the background 
emissions (~370 ppm) that already exist in the atmosphere. Above-surface MM&V  
is specific to terrestrial sequestration and involves quantification of the terrestrial 
carbon. DOE’s MM&V  R & D is aimed at developing site-deployable 
instrumentation, comprehensive computer models, and advanced protocols for each 
of these areas.  
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MM&V technologies 
 
Table 8 lists MM&V techniques applicable to different storage scenarios. The 
information was based on examination of the existing literature. The list does not 
necessarily include all of the instrumentation that has been used at the Frio site in 
Texas (Horvorka, et al.,  2005).  
 
Table 8 MM&V techniques applicable to sequestrations 
Geological sequestration  
Subsurface CO2 plume Fluid movement monitoring Surface based:  3D & 4D seismic imaging

 Borehole: Vertical Seismic Profile (VSP) 
 Cross-Well Tomography 
 Borehole and wellhead pressure sensors 
 Near surface Horizontal and vertical flow meters 
 Streaming potential sensors  
 Soil gas monitoring (LIBS, INS) 
                                                                Near IR Diode Laser Absorption 

Spectroscopy 
Surface CO2  Atmospheric   Standing Acoustic Wave Gas 

Chromatography 
                                                                 Thermal Conductivity Sensors 
 Gas Chromatography 
 Chemical Reaction (Draeger tubes) 
  Satellite Measurements 
  Airborne Measurements  

(trace compounds) 
Terrestrial Sequestration  

 Modeling In-soil and above- ground carbon 
 Ecosystem and landscape scale models 
                                                                 Global models of terrestrial sink changes 
 Measurements - Regional Monitoring  IR imaging 
 Ameriflux network (and others) 
 Measurements -  Soil measurements LIBS and INS 
 Raman technology 
 Isotopic measurements 
 Microbial indicators 
 Regional maps/estimates 
 Traditional, dry combustion 
 Above-surface carbon measurements    Forest inventories/ accounting 
 Employing growth and yield models 
                                                  Aerial/satellite (Winrock method) 
 Forest management techniques 
 Traditional field measurements  

Oceanic Sequestration 
 Gravitational measurements 
                                                                Seawater chemistry 
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 Diffraction 
 NMR Spectroscopy 
 Raman Spectroscopy 

 
Important Technology Needs 
 
There are two major development needs relating to MM&V  technologies.  The most 
important is cost reduction.  While reliable estimates of overall costs are not 
available, recent experience suggests that the costs of MM&V  for geologic 
sequestration far exceed DOE’s 10% goal. It appears that the best way to achieve 
cost effectiveness is with a combination of less expensive instrumentation and 
modeling. With regard to terrestrial sequestration soil carbon measurements are 
expensive owing to the lack of a readily deployable field system. While laser induced 
breakdown spectroscopy (LIBS) has shown potential, the system is not fully 
validated. The approach taken by Winrock for carbon in vegetation involves 
algorithms relating more expensive “standard” measurements and less expensive 
remote sensing measurements.  
 
In terms of instrumentation, the most important need is for inexpensive and readily 
deployable downhole techniques for geologic sequestration.  Direct CO2 monitoring 
in a reservoir to monitor system status is obviously desirable, but status indicators 
for such important variables as the pressure and temperature suitable for routine 
downhole deployment are lacking.  It appears that techniques such as the ringdown 
spectroscopy being developed by DIAL can provide the less expensive techniques 
needed for applications downhole.  In the longer term, nano-scale devices may also 
have great promise, assuming greatly reduced costs and increased ruggedness.  
 
MM&V Action Plan for CO2 Transport 
The primary goal of the US Department of Energy (DOE) carbon sequestration 
program is an 18% reduction in greenhouse gas (GHG) emissions by 2012 
(Schmidt, 2002, Southern States Energy Board, 2003, Southern States Energy 
Board 2004, U. S. DOE, 2005). The DOE carbon sequestration program continues 
to make progress towards this goal and significant achievements can be organized 
into three sections: core R & D, infrastructure development, and program 
management. The 2005 Carbon Sequestration Technology Roadmap and Program 
Plan provides a clear identification of research pathways leading to commercially 
viable sequestration systems and sets forth a plan of action for research (DOE, 
2005). In the core R&D area, efforts are primarily focused on capture, storage, and 
transport. DOE has established technology roadmap and program plans for capture 
and storage; however, a technology roadmap and action plan for CO2 transport, an 
area critical to the overall success of carbon sequestration, has not been formally 
developed. Work at DIAL was begun as a start to develop the necessary framework 
for MM&V needs associated with transportation.  
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Summary of Current MM&V Status 
Prior to 2004, MM&V was defined as “Measurement, Monitoring, and Verification”. In 
2004, the definition was modified to be “Measurement, Mitigation, and Verification” 
(Wang et al., 2004). Very recently, MM&V  has been renamed as “Monitoring, 
Mitigation, and Verification”. Monitoring and verification are defined as the capability 
to measure and quantify the amount of CO2 stored at a specific sequestration site, 
monitor the site for leaks or other deterioration of storage integrity over time, and 
thereby verify that the CO2 is contained in a way that is permanent and poses no 
harm to the host ecosystem. Mitigation is the ability and efforts necessary to respond 
to CO2 leakage or ecological damage in the unlikely event that a leak should occur. 
The revised definition is specific to geologic and terrestrial sequestration as it is 
realized that oceanic sequestration is still in an early stage of development. 
Verification relates to the confidence in the measurements and the usefulness in 
carbon accounting systems. 
  
MM&V activities for geological sequestration include four major components: 
Modeling, Plume Tracking, Leak Detection, and Mitigation. Recent site testing has 
identified additional needs which necessitate the development of new technologies, 
tools, and a redirection of research efforts (Hovorka, et al., 2005). For terrestrial 
sequestration MM&V technologies include three primary components: Modeling, 
Plant Matter Measurement, and Soil Carbon Measurement (see also Table 8 above). 
 
In each sequestration category (geologic and terrestrial) and in each technology 
development area, clear pathways are identified and key technologies and issues as 
well as significant research achievements are noted. Compared with the previous 
(2004) MM&V roadmap, the upgraded document streamlines and focuses 
development activities.  
 
Summary of DOE Roadmaps for Capture and Storage 
The purpose of CO2 capture research is to produce a CO2-rich stream that can be 
directly distributed. The research effort was categorized into three pathways: 
postcombustion, pre-combustion, and oxyfuels. Post combustion refers to capturing 
CO2 from a flue gas after convention combustion (fuel + air).  Pre-combustion refers 
to a process where a hydrocarbon fuel is gasified to form a mixture of hydrogen and 
carbon dioxide with CO2 capture from the synthesis gas prior to further processing. 
Oxyfuel is an approach where combustion occurs in pure or nearly pure oxygen. 
This results in exhaust streams with high concentrations of CO2 which are more 
easily processed than stream resulting from conventional combustion.  
 
Each of the three categories has its own merits and challenging issues. Post-
combustion capture applies to over 98% of current fossil fuel utilization assets, but it 
represents a significant technology challenge in that CO2 in flue gas is dilute (3-15% 
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by volume), at low-pressure (15-25 psi), and often contaminated with oxides of 
nitrogen and sulfur along with ash and sub-micron particulate matter. A pre-
combustion synthesis gas contains CO2 in higher concentration (30-50% by 
volume), higher pressure (200-500 psi), and with less contaminants, but there are 
few gasification-based power systems currently in operation. Oxyfuel combustion 
requires roughly three times more oxygen per net kWh of power generation 
compared to gasification, and its efficiency is further compromised by the large 
amounts of flue gas that must be recycled to the combustion chamber for 
temperature control. However, oxyfuel does have a key advantage in that it can offer 
near 100% CO2 capture. CO2 capture methods are centered on CO2 removal, CO2 
separation, and oxygen combustion. There are twenty-three ongoing research 
projects focusing on capture. 
  
Carbon storage is defined as the placement of CO2 into a repository in such a way 
that it will remain sequestered. The CO2 storage includes three distinctive 
sequestration avenues: geologic, terrestrial, and oceanic. The storage of CO2 in a 
geologic formation is the injection of CO2 into an underground formation that has the 
capability to contain it securely. There are three categories of formations, each with 
different challenges and opportunities for CO2 storage: (i) oil and gas reservoirs, (ii) 
deep coal seams, and (iii) deep saline aquifers. Saline formations do not offer the 
potential for enhanced oil or gas production; however, these formations offer 
tremendous storage capacity. 
 
Terrestrial sequestration is the enhancement of CO2 uptake by plants that grow on 
land and in freshwater, and carbon storage in soils. Tree-plantings, no-till farming, 
forest preservation and other activities provide an opportunity for low-cost CO2 
emissions offsets. More advanced research includes the development of fast-
growing trees and grasses and deciphering the genomes of carbon-storing soil 
microbes. One area of focus for the DOE’s core sequestration R&D Program is in 
developing field practices for increasing carbon uptake in mined lands. 
Comparatively, storage of CO2 through terrestrial sequestration is not as effective as 
the geologic sequestration. Additional efforts are on-going in biomineralization.  
 
Roadmap and Action Plan for CO2 Transport 
As summarized above the current DOE technology roadmap does not include direct 
consideration of CO2 transport. The ability to effectively route CO2 from the initial 
capture point to the selected sink is a key activity in ultimately integrating the entire 
carbon sequestration enterprise. Many technical and social-economic issues related 
to CO2 transport need to be addressed. Based on currently available reports, 
literature, and database, CO2 transport can be divided into two categories: pipeline 
and tanker truck or railway transport. A preliminary roadmap frame is given in Figure 
10.  Details for each branch are presented below. 
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Figure 10 Framework for MM&V roadmap and action plan for CO2        
                 transport.   
 
Three major issues in the development of the MM&V and action plan for CO2 
transport include the identification of the necessary infrastructure for CO2 transport, 
an evaluation of specific transport-related technology issues, and the consideration 
of transport economics. Each of these components has to be addressed based on 
both long and short-term basis and from specific geographical requirements and 
needs. 
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Pipeline transport: Pipelines have been used for CO2 transport for enhanced oil 
recovery since the 1980’s. Pipeline transport of CO2 has now been widely accepted 
and is being applied by many operators when a large quantity of CO2 is required. 
Table 9 (Fox, 2002) lists currently existing long-distance CO2 pipelines in service as 
of 2002. Approximately 96% of the total pipeline (by km) is located in the US. Table 
10 lists regional U.S. CO2 natural sources and lines.   
 
Table 9 Currently existing long-distance CO2 pipeline for EOR projects in the world.  
Pipeline Location Operator CO2Capacity 

[Mt/year] 

Length 

[km] 

Year Origin of CO2 

Cortez 

 

USA Kinder 

Morgan 

19.3 808 1984 McElmo Dome 

 

Sheep 
Mountain 

 

USA BP Amoco 9.5 660 - Sheep 
Mountain 

Bravo 
 

USA BP Amoco 7.3 350 1984 Bravo Dome 

Val Verde 
 

USA Petrosource 2.5 130 1998 Val Verde 
Gas Plants 

Bati 
Raman 

 

Turkey Turkish 
Petroleum 

1.1 90 1983 Dodan Field 

Weyburn 
 

USA & 
Canada 

North 
Dakota 

Gasification
Co. 

5 328 2000 Gasification 
Plant 

 

CO2 exists as a supercritical/dense phase fluid in pipelines, which occurs when the 
pressure exceeds 74 bars (1070 psi) at 31 oC. The pipeline pressure of CO2 can be 
as high as 200 bars (or 2900 psi) with the fluid at ambient temperature. Due to the 
high miscibility pressure, typically higher than 1204 psi in the EOR industries, the 
delivery pressure at injection sites are normally above 1450 psi. To maintain CO2 
under this condition, typical operation conditions for pressure and temperature are in 
the ranges of 1450 - 2176 psi and 15 - 31 oC, respectively (Fox, 2002). Figure 11 
shows the phase diagram of CO2 (Bachu, 2000, Odenberger and Svensson, 2003). 
 
Given fluid conditions, capability of CO2 transport in a pipeline can be estimated. 
Figure 12 illustrates an example of the estimation of transport capability vs. pipeline 
diameter under the onshore and offshore conditions (Skovholt, 1993). 
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Table 10 Current distribution map of US CO2 natural sources and pipelines.  

Region CO2 

amount 

(Gross 

Bbls/d) 

Source Pipelines 

(miles) (± 

5%) 

Field 

number 

Operator 

Rockies 19,520 Natural/manufactu

ring 

360 7 Exxon/Chevron/M

erit 

Permian 

Basin 

155,000 Natural 2,400 42 Multiple operators 

(16) 

Mid-

continent 

9,800 Manufacturing 390 4 Exxon/Anadarko/C

haparral 

Eastern Gulf 

coast 

12,000 Natural 180 3 Denbury 

 

 
 

Figure 11 CO2 phase diagram.  
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Figure 12 Estimated transport capacity vs pipeline diameters. Key  
                 conditions: dense phase; Distance=250 km; Ambient temperature  
                 onshore = 12 °C; Ambient temperature offshore = 6 °C; Maximum  
                 temperature after compression = 30 °C; Maximum pressure     
                 onshore = 1595 psi; Maximum pressure offshore = 4351 psi;  
                 Minimum pressure = 1305 psi. 

 
Pipeline transport requires a large initial investment for construction and depending 
on design may be suitable for large transport volumes, thereby compensating the 
initial investment. A major factor that highly influences the initial costs is the 
geographical distinction.  For instance, construction of pipeline in hilly terrain is 
estimated to cost 50% more than in grass land (IEAGHG, 2002). Additionally, 
construction of offshore pipelines costs more than that of onshore pipelines, due to 
higher installation costs. Another factor influencing the construction costs is the need 
for booster stations for the pressure drop in the pipeline. Typical pressure drop for a 
500 mm inner diameter pipeline is 4 psi per kilometer, a value that decreases with 
increasing diameter (Fox, 2002). According to Skovholt (1993), booster stations 
onshore would therefore be needed every 100 to 250 km depending on pipeline 
diameter. Approximate 750 kW (Fox, 2002) power is required for a typical booster 
station. This fact suggests that a large diameter pipeline is more cost effective. A 
rule of thumb is $1.5 million per mile for all pipeline sizes up to 36”, depending on 
geological distribution of pipeline. The variation in laying costs could be as high as 
50%. Costs for the onshore pipeline transport are in the range of $1- 5 per ton per 
1000 km and $1- 7 per ton per 1000 km for offshore transport, depending on 
diameter of the pipeline (from 16’’ - 64’’). Large diameter of pipeline have lower 
transportation costs (Svensson et al, 2004, IEAGHG, 2000).   
 
Kinder Morgan is currently the largest operator of CO2 pipelines in the U. S. (Kinder 
Morgan, 2005). Recent corporate information indicates that the company aims to 
invest approximately $160 million in a new CO2 pipeline and additional infrastructure 
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to support expanding CO2 flooding programs at the SACROC Unit in the Permian 
Basin. In the southeast region, Denbury Resources (Denbury 2005) operates an 
existing pipeline from the Jackson dome, a natural CO2 source, to fields in western 
Mississippi and is building a second pipeline from the source to fields in the eastern 
part of the State. 
 
The major technical concerns regarding pipeline transport of CO2 include high 
pressure tolerance of pipeline materials, leakage mitigation, and long-term 
monitoring of structural integrity. Pipeline material and engineering considerations 
include:  

• Pipeline pressure 
• Pipeline temperature 
• Gas mixture composition 
• Pipeline corrosion 
• Pipeline operation control 
• Pipeline pressure variation 
• Dehydration of CO2 
• Routine topography 
• Dispersion pattern 
• Valve material 
• Compressor, seal, and auxiliary material 
• Emergency risk assessment 

 
Pipeline risk mitigation is an important issue in CO2 transport. Although pipeline 
transmission is a mature technology and has been used for CO2 transport for more 
than two decades, risk mitigation means have to be established in order to minimize 
adverse impact on human beings and local ecosystems. Pipeline leakages resulting 
from operation failures, human activity interruptions, and natural catastrophies must 
also be addressed. Special considerations should be given to pipeline block-valve 
spacing philosophy, pipeline material specification, and emergency pressure relief 
handling plans. The quality of compressors and other major equipment, early 
detection of leakage, routine pipeline health status surveys, internal corrosion 
control, regular safety reviews, and emergency response planning must all be 
addressed. Aerial pipeline surveys are a typical means for assessing pipeline health. 
Thermal imaging is a mature technology to serve this task. However, thermal 
imaging cannot be used for early detection of a breach. Additionally, pipeline 
pressure and pressure drops should be monitored. When the pressure drops to a 
particular threshold in which two phases of CO2 coexist; resultant pressure surges 
could induce dangerous incidents, such as leakage and explosion. Lessons can be 
learned from statistics of pipeline incidents documented by US Office of Pipeline 
Safety within the Department of Transportation (Gale and Davison, 2002). 
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Ship/railway/truck tank transport 
In tanks, CO2 is in a semi-pressurized liquid phase. The pressure is approximately 7 
bars (or 101 psi) at a temperature of -30 - -50 oC. The liquid phase has a high 
density of CO2, however, due to the requirement of high tank pressure, tanks 
capacity is limited, e.g., ~ 1000 – 1500 tones. Actual transport of the gas is less 
demanding with respect to material concerns such as corrosion. Tanker truck or rail 
transport therefore has a lower initial investment and somewhat greater flexibility; 
however, the rising cost of fuel and the associated need to sequester high volumes 
of CO2 will limit the eventual practicality of tank transport to short distances. A 
primary concern for tanker transport of CO2 is the low temperatures required.  
 
MM&V for CO2 Transport 
Major issues in CO2 transport include: economic feasibility, pipeline health status 
monitoring, leak mitigation, gas compositions, and CO2 user requirements. Due to 
the high pressure and impurities present in the pipeline, the likely result is corrosion 
or pipeline metal loss. The physical status of a pipeline needs to be monitored and 
inspected regularly. Different sources (conventional, gasification, or oxy-fuel) will 
results in different gas/supercritical fluid compositions. H2S could be as high as 100 
part-per-million (ppm). It is also expected that CH4, H2O and other chemical 
components (ppm loadings of NOx and SOx) will be present. In the event of a leak, 
rapid characterization, including the quantitation of inherent chemical constituents 
will be needed to mitigate potential effects on local ecosystems. This ultimately 
impacts the CO2 transport economic efficiency.  For tank transport, constantly 
monitoring tank temperature during transport is critical to the safe operation. Finally, 
on-site, low cost, rapid gas characterization is needed in the input end, e.g., capture 
sites, and in the output end, e.g., sinks and end users. CO2 purity, gas pollutants, 
and concentrations are needed. All in all, these CO2 transport-related issues can be 
categorized into two major aspects: social-economic issues and technology issue. 
To address these issues, a MM&V roadmap and action plan was begun.  

 
Table 11 identifies the targeted issues and the needed MM&V technologies. 
Compared with the 2004 and 2005 versions of the capture and storage roadmaps, 
the status of a roadmap and action plan for CO2 transport is just beginning. The 
primary goal is inclusion in the DOE 2006 carbon sequestration roadmap. 
 
As opposed to geological sequestration activities which require proof that carbon 
dioxide is maintained in a particular aquifer or reservoir location, the goals of MM&V 
for CO2 transport are focused on direct leakage detection and the assessment of 
pipeline structural integrity. As discussed earlier (Wang et al., 2005) the ability to 
distinguish source CO2 from local atmospheric CO2 is a prerequisite for establishing 
the presence of a leak when monitoring geological sites. This implies that isotopic 
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discrimination will be required. With transportation issues, the isotopic requirement 
can be relaxed owing to the large amount of CO2 that is expected to escape from a 
given leak. 
 
 Table 11 Identified areas and MM&V technologies pertinent to CO2 transport. 
Identified Area Specified Current status Action plan 
Fundamentals  Cost  Costs  

 Investment Profit 
 Geography/Routing Ecosystem impacts 
 Distribution Safety  

MM&V Need Pipeline corrosion 2006 development  
 Pipeline pressure QA/QC 
 Gas characterization sensors  Standoff CH4 

(a) Available 
 Portable, standoff instrumentation Portable CRDS(b) In Development 
 High pressure sensors 
 Low and high temperature sensors

Leakage On-site portable tools N/A 2006 development  
 Thermal Imaging Available 

(a) DHR Consultancy Services Ltd (2005) 
(b) Wang et al., (2005) 
 
Detection of trace H2S or CH4 using sensitive spectroscopy-based tools can 
serve for early detection of leakage and these tools need to be developed. 
Thermal imaging is a mature technology for remote pipeline health status routine 
survey (DHR Consultancy Services Ltd., 2005)  CO2 fluid rates and pressure 
drops should be monitored and no technology is currently available for this task 
although efforts to address these issues are in progress at DIAL (Wang et al., 
2005)  
 

Action Plan for CO2 Transport 
Development of the MM&V roadmap and action plan is given in Table 12. The 
compilation is directed only at pipelines. Commercial tank transport of CO2 is 
established.  
  

Table 12 MM&V roadmap and action plan for CO2 pipeline transport 
Task Need Tool Status 
Economic Feasibility 
   Engineering Materials Historical Data Available 
   Construction Costs $ 1.5M/mile (D > 36’’) Historical Data Available 
   Operation Costs $ 1- 7/tone/1000 km  Historical Data Available 
   CO2 Source Detailed Distribution  GIS Match Sources/Sinks In Development
   Routing Detailed Distribution  GIS match Sources/Sinks In Development
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MM&V Tech. Barriers 
   Monitoring/Inspection Corrosion Corrosion Rate/Modeling In Development 
 Pressure Fiber pressure sensors In Development
   Gas Compositions User Requirements GC/MS FTIR, CRDS(a) Available(a) 
   Leak mitigation Early Identification  CO2, CH4, H2S Sensors In Development

CO2 Plume Aerial Thermal Imaging  Available 
 Dispersion Modeling Available 
Leak Detection Aerial Thermal Imaging  Available 

CO2, CH4, H2S Sensors   In Development
Response EMS Available   
Ecological Impact    Environmental Analysis Available 

(a) CRDS is in development; other instrumentation is available. 
 

Summary 
CO2 transport is a key link between CO2 capture and storage and not only plays an 
important rule in the whole carbon sequestration program, but also directly links the 
economic impact of the carbon sequestration program. Several key issues have to 
be addressed including, pipeline investment, social-economic feasibility, long-term 
environmental impact, technology barriers, and operations. So far, no MM&V 
roadmap and action plan has been developed for CO2 transport while roadmaps for 
CO2 capture and storage have been developed and annually updated. In order to 
achieve overall success in the DOE carbon sequestration program, efforts to CO2 
transport have to be emphasized so that each branch of the carbon sequestration 
program can be directly integrated for a long-term advancement. This report 
presents information gathered from a variety of literature sources. (1) The identified 
issues and suggestions and comments generated in this report can be summarized 
as:  Accurate database for the currently existing CO2 pipeline, the pipelines to be 
built, and their geographic distribution map are needed, (2) Optimized engineering 
design of pipeline in term of pipeline materials and diameters for onshore and 
offshore transport of CO2 needs review, (3) The mature thermal imaging technology 
is acceptable for pipeline surveys but inadequate for early leak detection; sensitive 
spectral-based gas tracers/spectrometers are needed for measuring trace gas 
components and/or isotopes, (4) Tools for pipeline pressure and/or pressure drop 
monitoring are needed; optical sensors are being developed, (5) Leakage 
emergency response planning needs to be established, (6) Portable, real-time, 
accurate gas analyzer/spectrometer are needed for gas characterization and cavity 
ringdown techniques are being applied to address this challenge, (7) Detailed cost 
analysis for pipeline construction and operation for various of geological locations 
are needed, and (8) Pipeline economics and early leak detection and mitigation are 
top priorities.  
 
It is hoped that the work described here will aid DOE in developing a roadmap and 
action plan for CO2 transport. Progress on MM&V technology development at DIAL 
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will help DOE further identify and focus MM&V efforts for site testing and 
demonstration towards ultimate implementation in the integrating CO2 capture, 
transport, and storage activities. 
 
Making Carbon Sequestration a Paying Proposition 
 
A number of sequestration opportunities were examined with regard to economic 
feasibility. The study was based upon previous work associated with terrestrial 
sequestration and upon knowledge gained through the literature associated with 
geological activities. In what follows details of the analysis are given followed by 
generic summaries associated with the effort. To anticipate the results sequestration 
opportunities generally fall under one of two scenarios; either a valuable by-product 
is directly obtained, such as wood for housing or furniture from re-forestation or the 
technology will only provide a second order financial benefit associated with climate 
stabilization.   
 
Terrestrial Sequestration as a Paying Proposition  
 
Reforestation 
 
Forests are biological scrubbers by removing/sequestering CO2 from the 
atmosphere. Carbon sinks in U. S. forests could sequester 50% (0.78 Pg/y) of all 
North American emissions (Katul et al., 2004). Intensive management practices and 
long growing seasons indicate that forests within the Southeaster region of the 
country can become a dominant sink.  

 
Reforestation constitutes a low-cost sequestration option when compared to 
presently available capture and storage paths. Economic benefits are possible 
through the value of forest products and through the long-term social and 
environmental benefits that include improved soil and air quality, reduced surface 
runoff and erosion, and ecosystem health. Costs and benefits are a measure of the 
value of whatever must be sacrificed to prevent or reduce the chances of a negative 
environmental impact. Sequestration costs are typically expressed as the ratio of 
economic input to carbon mitigation output ($ per metric ton of C, or of CO2). The 
amount of carbon sequestered is determined by forest management practices, such 
as tree species, geographic location and characteristics, and the disposition of forest 
products (Stavins and Richards, 2005). The cost includes that associated with 
additional land, planting and management, and secondary costs or benefits such as 
non-climate environmental impacts or timber production (Stavins and Richards, 
2005). For a reforestation program of 300 million tons of annual carbon sequestered 
in the U.S., the costs have been estimated to range from $7.5 to $22.5 per metric 
ton of CO2 (Stavins and Richards, 2005). This range depends upon underlying 
biological and economic assumptions and analytical methods employed. Through 
the incentive program at high payment levels, in the range of $25 - $125 per metric 
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tons for permanently sequestered carbon, reforestation becomes a dominant source 
of additional carbon sequestration. Land can be drawn from pasture and cropland 
into forest land (Lewandrowski et al., 2004).  

 
The annual forest carbon sink in the southeast and south-central United States is 
estimated as 76 Tg C/year, accounting for 40.2% of total annual C sink in the region 
and 27% of the total annual carbon accumulation in U. S. forests (Table 2, above) 
(Han et al., 2005). Total annual U.S. forest carbon accumulation from 1952 to 1992 
was 281Tg C/year (US Department of Energy, 1999). The contribution of the 
regional forest C accumulation to the overall US forest carbon accumulation is in 
proportion to the ratio of forest lands in the region (193,973 thousand acres 
compared to 641,536 thousand acres) (USDA, 2003). Katul et al. (1999) reported 
that forests in the southeast U. S. are a dominant C sink, accounting for 50% of the 
carbon sequestered in North America. The current value (76Tg C/year) of annual 
carbon accumulation as forest biomass in the region is in agreement with other 
estimates (Delcourt and Harris, 1980).  
 
Reforestation does not require the use of capture technology. Currently 
monoethanolamine (MEA) solvent absorption has been employed to scrub CO2 from 
industrial streams. Other techniques are expected to be used at power plants with 
integrated coal gasification combined cycles (IGCC); however, such plants are not 
yet widespread (David and Herzog, 2000).  Separation, capture, and compression 
costs have been estimated as 75-80% of the total cost, the remainder being 
associated with transportation and injection (Herzog, 2001). Advances in technology 
are expected to result in decreases in sequestration costs from $183/ton C ($50/ton 
of CO2) in 2000 to $146/ton C ($40/ton of CO2) in 2012 (David and Herzog, 2000). 
 
Specific savings for the region can be calculated based on costs avoided. The use of 
current separation and capture technology for anthropogenic carbon (equivalent to 
the amount of carbon annually sequestered in forest biomass in the region, 76 Tg 
C/year) when directed to a non-forest sequestration option, would amount to an 
expenditure of $13.9 billion/year at $183/ton C or $11.1 billion/year at $146/ton C. 
The estimate of Stavins and Richards, (2005) of from $27.5 to $82.35/ton of C 
indicates the cost effectiveness of reforestation.  
 
Best Agricultural Production 

 
Increasing the total carbon content of soils is considered as an indirect method 
resulting in long-term environmental and social benefits. Genetically modified 
crops/plants with high biomass (especially in root systems) facilitate soil C 
accumulation. Best management strategies include soil erosion management, 
conservation tillage practices, restoring wetlands, restricting the use of organic soils, 
restoration of degraded soils, crop residue management, utilization of an appropriate 
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crop rotation system, application of organic manure and bio-byproducts, and 
increasing agricultural production (Lal et al., 1999). 
 
Soil organic matter is an important dynamic component which strongly influences 
physical, chemical and biological properties of soils. Soil organic matter increases 
soil water and nutrient holding capacity, decreases nutrient and herbicide/pesticide 
release into runoff, improves soil structure and water infiltration. Maintenance of soil 
organic matter is a key to sustainable agriculture and a central indicator of soil 
quality and health. 
 
Soil organic matter storage is affected by soil management. Conservation tillage is 
effective in increasing soil organic carbon storage. About 37% of the U.S. farm land 
is now managed with conservation systems. About 48-60% of arable land in the 
southeastern U.S. is managed by conservation tillage (Lal et al, 1999). Long-term 
conservation tillage and no-tillage increase soil organic carbon storage. Adoption of 
conservation tillage in the U.S. has a total C sequestration potential of 350-1400 Tg 
C by the year 2020 (Lal et al., 1999). The overall annual potential of U.S. cropland 
for C sequestration through best management practices as listed above is estimated 
to be about 123-295 Tg C/year (Lal et al., 1999). Farmers and landowners would 
find it cost effective to adopt changes in soil and crop management through an 
incentive program at payment levels below $10 per metric tons (Lewandrowski et al., 
2004). 
 
In the Southeastern of U.S., total land area in the region totals 1583 thousand km2. 
There are 377, 471 and 736 thousand km2 of cropland, grassland and forestland, 
respectively. Texas has the largest cropland (26.7% of total land in TX) and 
grassland (65.4%), while the remaining states are dominated by forest cover (60 to 
70%).  
 
Best management practices in the region could enhance carbon sequestration on 
these lands by 53.9Tg C/year, accounting for 9.3% of current total annual 
greenhouse gas emission in the region (Table 6, above) (Han et al., 2005). The 
potential for forestland, cropland, and grassland was estimated as 29.4, 15.1 and 
9.4Tg C/year, respectively (Figure 7, above). The potential in agricultural soils 
including grass land of the region could represent 13-52% of the potential in US 
agricultural soils estimated by Bruce et al. (1998) and Lal et al. (1998). Lal et al. 
(1999) reported that the total C sequestration potential in US cropland could offset 
8.5-9.8% of total US greenhouse gas emissions.  
 
A substantial cost savings is recognized through the use of best agricultural 
practices. Assuming that 100% of the carbon sequestration potential within the 
region is realized corresponds to an offset of $7.87 billion. Of this value $4.3 billion is 
thought to be available from forest operations. Whereas the inclusion of annual 
crops such as grasses and crops has little short-term benefit, improving agricultural 
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practices described above will improve the quality of soil carbon and the eventual 
terrestrial storage capacity.  
 
Furniture and Housing 
 
Carbon sequestered as furniture and housing can also have long term economic 
benefit. Annual carbon storage in housing, furniture, manufacturing, packaging and 
shipping in 1998 was estimated as 13.9Tg C in the southeastern U.S. region (Table 
13). Texas has the highest carbon storage in housing and furniture (3.0 Tg C), 
followed by Florida (2.7Tg C), while Mississippi and Arkansas exhibit the lowest 
storage ~ (0.43Tg C) based primarily on population density.   
 
Table 13 Carbon sequestration in the housing and furniture sector of the southeast 
and south-central U. S. 
 State C in 

Furniture/Housing 
 (Tg C/year) 
AL  0.72 
AR* 0.43 
FL 2.73 
GA 1.25 
KY 0.64 
LA 0.67 
MS 0.43 
NC 1.33 
SC* 0.65 
TN 0.9 
TX 3.04 
VA 1.08 
Sum 13.86 
 
Carbon storage in housing and furniture were taken from three categories: 
construction, manufacturing, and packaging and shipping. The construction sector 
accounts for 67% of the carbon pool, while manufacturing and packaging/shipping 
sectors represent 31 and 2%, respectively. Carbon storage in new residential 
construction in the region represents 64% of the construction carbon pool while that 
in residential upkeep and improvements accounts for 36%. Increases in the mass of 
carbon sequestered in housing and furniture will be driven by population. Assuming 
that the average “life” or a home is 70 years allows for longer carbon sequestration 
periods as compared to direct use of trees for heating or pulpwood. 
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Biomineralization 
 

One of the major criticisms of terrestrial carbon sequestration is its relative 
impermanence. Uptake of carbon by plants, and its incorporation into the plant or 
into the soil as organic carbon, will sequester carbon for periods as short as 
decades. Current terrestrial carbon sequestration technologies exclusively focus on 
organic carbon in biomass and soils. Mineral carbon sequestration has been 
generally neglected; however, with the proper selection of plants, another 
mechanism – one denoted here as “phytomineralization” – can be used to sequester 
carbon for periods as long as millions of years. This process bolsters the case for 
terrestrial sequestration. Unfortunately, the primary economic viability of this process 
is restricted to reduction in emissions as opposed to the generation of a product with 
significant market potential.  
 
Phytomineralization refers to the processes by which some plants convert 
atmospheric CO2 into mineral deposits. Calcium and silicon are the two most 
common elements involved in phytomineralization (biomineralization) by higher 
plants. Calcium deposition is far more abundant and widespread (Arnott, 1974), 
which produces deposits of calcium oxalate and calcium carbonate. These deposits 
can be amorphous or crystalline and are found in stems, leaves, roots and flowers. 
Hundreds of plant species (forest trees, shrubs, subshrubs, herbs, and crop plants) 
are known to mineralize free carbon dioxide (Cailleau et al., 2004). The great benefit 
of phytomineraliation is therefore long-term environmental benefits with low costs.  
 
Studies on phytomineralization of carbon in terrestrial ecosystems are just 
beginning. The tropical iroko tree (Milicia excelsa) in the Ivory Coast of Africa had a 
high ability of accumulating mineral carbon as calcium carbonate in ferralitic soil; 
about 500 kg and 100 kg of mineral carbon (excluding organic carbon) was found 
inside and around an 80-year-old iroko stump (Cailleau et al., 2004; Braissant et al., 
2004). It is estimated that the annual mineral carbon sink deficit due to deforestation 
in the Ivory Cost alone is more than 0.15Tg C/year. This study shows the great 
promise of phytomineralization of forests/soils in enhancing cost-effective terrestrial 
carbon sequestration. 
 
Although the mechanisms of biomineralization/phytomineralization processes in 
higher plants have been studied, continental and global scale application of 
phytomineralization in terrestrial ecosystems and its integration technology to 
capture CO2 and combat global warming have not been formally attempted. Studies 
match potentially available sinks with specific soils and climates. Along with 
greenhouse and field-scale experiments are needed. 
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Geological Sequestration as a Paying Proposition 
 
Enhanced Oil Recovery 

 
CO2 injection into depleted oil wells is the fastest-growing enhanced oil recovery 
(EOR) process in the U.S. Total active CO2 EOR projects increased from about 20 in 
1980 to about 70 in 2004 and CO2 oil production linearly increased from about 
10,000 bpd in 1985 to about 65,000 bpd in 2004 (USDOE, 2004). CO2 EOR oil 
production in the U.S. could double by 2010 and quadruple by 2020 with CO2 
incentives (DOE, 2004). 
 
The growth of CO2 EOR in the past two decades has resulted in substantially 
reduced costs. Kinder Morgan CO2 Co. L.P. estimated that total operating expenses 
(exclusive of CO2 costs) at $2-3/bbl (DOE, 2004). The direct target of CO2 enhanced 
oil recovery is an increase in oil production, yet added benefits arise for sequestering 
CO2. Currently the two largest companies involved with EOR in the U. S. are Kinder 
Morgan and Denbury Resources Ltd. Both firms rely on natural sources of CO2. In 
the case of Denbury, the CO2 originates from the Jackson dome and is of sufficient 
purity for beverages and food applications.  
 
A successful demonstration of CO2 tertiary recovery was performed in central 
Kansas by utilizing the effluent from a nearby ethanol plant (DOE, 2004). The 
estimated incremental oil production resulting was noted as being possibly as high 
as 600 million barrels. This translates into the equivalent of 5-10 years of additional 
field production. As market prices increase a commensurate number of tertiary 
recovery plays are expected. The main problem becomes one of transmitting the 
CO2 to fields that are not already served by the few existing pipelines in the country. 
In Kansas alone, CO2 EOR is expected to aid recovery from as many as 6000 
mature fields. Linkage of, for example, an ethanol plant along with co-generation and 
EOR was estimated to result in an $88 million benefit (DOE, 2004). 
 
Coal Bed Methane  

 
Coal seam sequestration is defined as the storage of CO2 from anthropogenic 
sources in deep un-mineable coals for geologically significant times with or without 
the recovery of natural gas (White et al., 2003). Laboratory experiments have shown 
that CH4 was rapidly displaced from coal when CO2 was injected (Fulton et al., 1980; 
Reznik et al., 1984). Actually methane can be replaced by many other gases as well, 
such as N2. Sequestration of CO2 in coal seams with recovery of natural gas is an 
attractive approach to sequester atmospheric CO2 with additional economic values. 
 
The technology to pump CO2 into geological media has been used commercially for 
many decades. In 1993, a small CO2 pilot injection to recover CH4 was performed in 
the Fruitland Coal Formation in southern Colorado (White et al., 2003). Similarly, a 
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flue gas was injected into San Juan Basin coal and produced methane (White et al., 
2003). A large scale field test was performed in northern New Mexico. After five 
years of injecting CO2, there was been no significant breakthrough of CO2 at the CH4 
production wells after injecting 57 million m3 of CO2, CH4 production was 
dramatically improved (White et al., 2003). This field test showed that CH4 
production was increased by CO2 injection and that the injected fluid was 
sequestered. In addition, some international projects with CO2 injection enhancing 
coal bed methane have been initiated (White et al., 2003). 
  
The overall capacity of gassy coal worldwide to adsorb CO2 is estimated to be 
between 225 and 964Gt of CO2 (Gunter et al., 1988; Kuuskraa et al., 1992; Stevens 
et al., 1999). On the thirteen major worldwide coal basins, the San Juan coal basin 
has the highest CO2 sequestration potential (1400 x 106 t) (White et al., 2003). On 
the other hand, the global coalbed CH4 resources are estimated in the range from 
84.1 to 262 Tm3 (Kuuskra et al., 1992). CH4 in U.S. coals is estimated at 1.13 x 1013 
m3 (11.3 Tm3) (ICF Resources, 1990). Other estimates on U.S. coalbed methane 
capacity are in the range of 7.77-18.3 Tm3 (Gunter et al, 1997). Many of these 
coalbeds are near fossil fuel-fired electric power-generating stations with convenient 
CO2 sources. This results in a great availability of CO2 sources, less cost for 
transport and operation. 
 
Economic analysis of CO2 ECBM production in the Black Warrior coalbed methane 
fairway in Alabama shows a great promise for commercial application because (1) 
the coalbed methane industry represents a substantial market for CO2 and (2) coal-
fired power plants are the nearby sources that produce CO2 in enough quantity to 
facilitate enhanced methane recovery at a large scale (Pashin et al., 2001). Pipeline 
CO2 currently costs $9-23 per thousand cubic meters (Mcm), coalbed methane 
prices are higher than $100/Mcm. Assuming that coal sorbs twice as much CO2 as 
methane, this adds $18-24/Mcm to current costs, which give most operators 
$35/Mcm (Pashin et al., 2001). Conventional methods only recover 20-60% of the in-
place coalbed methane resources (Stevens et al., 1999), while CO2 injection may 
considerably enhance methane production. This will justify considerable investment. 
Furthermore, enhanced coaled methane recovery may extend the productive life of 
all coalbed methane fields by 40% (Pashin et al., 2001). 

 
Deep Saline Aquifers 
 
Deep saline aquifers are a promising option for large scale CO2 sequestration. There 
are widespread deep saline aquifers in the world. The global potential storage 
capacity is estimated at 350-11,000Gt of CO2 (Bruant et al., 2002, Holloway, 1997). 
An earlier estimate indicated the total capacity of deep saline aquifers in the U. S. as 
between 5.5 and 550Gt of CO2 (Bergman and Winter, 1995). More recent estimates 
tend higher. 
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A number of saline aquifers are located in the Southeast region. In addition, a great 
majority of fossil fuel fired power plants are located near these structures. This would 
have a tendency to reduce transportation costs, however, costs associated with 
capture, purification, compression, and injection will still be in effect. No saleable 
product is expected to arise from geological sequestration in deep saline aquifers. 
Thus, much like phytomineralization, the primary benefit will consist of lowered 
emissions. 
 
Other Economic Possibilities 
 
Flue Gas Mineralization 
 
Mineralization of carbon dioxide is the process to converting gas phase CO2 to 
carbonate minerals. The process currently focuses on reactions of Ca, Fe, and Mg 
silicates, such as olivine and serpentine, with gaseous carbon dioxide to form 
carbonates. Recent studies have been expanded to other minerals, including Ca and 
Fe-rich rocks and minerals such as wollastonite and basalt. 
 
To date the produced minerals do not represent a significant commercial venture 
aside from sequestering CO2. Significant quantities of ore will be required and this 
further necessitates that any carbonization plants be in close proximity to existing 
power generating facilities or to pipelines. Two potential carbon mineralization 
locations have been identified within the southeastern region. One is the ultramific 
carbonation region, an olivine deposit in western North Carolina, which is estimated 
around 200 Mt of reserves (Roskill, 1990). The olivine supply from this reserve may 
meet the ore demand for 1-2 years and convert CO2 from all power plant point 
sources within a 200-mile distance (north Georgia, central North Carolina, South 
Carolina and Virginia) (O’Connor et al., 2003). Reducing the distance to a 100 mile 
radius reduces the use of the precursor to 120 Mt/year. In some cases serpentine 
resources may have to be substituted for olivine. The other potential carbon 
mineralization site is in central Texas, where serpentine from the Llano Uplift is 
expected to meet an estimated ore demand of 200-400 Mt/year for CO2 from lignite 
power plant point sources (O’Connor et al., 2003). The reserve may consist of over 
1Gt of serpentine (Barnes et al., 1950) and represent a 5-10 year supply at full scale 
mineral sequestration.  
 
There may be promise for in situ mineral sequestration, especially for the layered 
structure of basalts. This can save the huge cost for tremendous tonnages of ex situ 
mineral required for carbon mineralization sequestration. Actually the natural gas 
storage within anticline structures and injection of CO2 into deep saline aquifers 
show some promise for involving carbon mineralization. Still costs associated with 
transport and injection along with those applicable to direct mineralization will be in 
effect. 
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The initial overall cost of direct mineralization is estimated at $252/ton C ($69/ton 
CO2) (O’Connor et al. 2003).  The cost is somewhat higher than the use of MEA; 
however, current and future research is aimed at making mineralization more cost 
effective. Additionally, whereas the minerals generated by the process have little or 
no opportunity for cost recovery, such chemicals may find uses through continuing 
materials science efforts.  
 
Oil Shale and Tar Sands 

 
Oil shale are fine grained sedimentary rocks containing relatively large amounts of 
organic matter from which significant amounts of “oil” and combustible gas can be 
extracted by destructive distillation. Oil shale exists worldwide with large deposits in 
Australia, Brazil, Canada, China, Estonia, France, Russia, Scotland, South Africa, 
Spain, Sweden and the USA. Global resources of oil shale are conservatively 
estimated at 2.6 trillion barrels (EMD Oil Shale Committee, 2005). Sixty two percent 
of the world’s potentially recoverable oil shale with an oil content of 242 billion 
tonnes is concentrated in the USA (Youngquist, 2001). The largest of the deposits is 
located in the 42700 km2 Eocene Green River formation (89%) in north-western 
Colorado, north-eastern Utah and south-western Wyoming. There is also the 
Devonian-Mississippi black shale (11%) in the eastern United States. Costs of 
mining and extracting energy feed stocks from shale exceed standard petroleum 
development costs. An increase in the cost of oil in the 1980’s as well as currently 
has allowed corporations to re-evaluate the development of shale resources. The 
interaction of shale deposited with CO2 sequestration is currently being addressed 
(Nuttal, et al., 2005)  
 
Tar sands (oil sands) are impregnated sand that yields mixtures of liquid 
hydrocarbon. Oil sands are deposits of bitumen, viscous oil which must be converted 
into an upgraded crude oil before it can be processed. Oil sands must be mined or 
recovered in situ. Oil sand recovery processes include extraction and separation 
processes to remove the bitumen from the majority of sand and water. By 2005, oil 
sand production accounts for about 50% of Canada’s total crude oil output and 10% 
of North American production. Oil sands occur in more than 70 countries. The two 
largest are Canada and Venezuela. Cyclic steam stimulation and steam assisted 
gravity drainage are currently used for in situ recovery techniques. Other techniques 
include thermal injection through vertical and horizontal wells, solvent injection and 
CO2 methods. With improved techniques, CO2 emitted from oil sand operations will 
be reduced. 
 
CO2 Hydrates 
 
Gas hydrates have the capability to capture and separate CO2 from gas mixtures 
and store large quantities of CO2 in water that is hydrogen-bonded as solid 
structures. The feasibility of designing a process for producing methane gas 
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hydrates has been tested in the Diagnostic Instrumentation and Analysis Laboratory 
and Department of Chemical Engineering at Mississippi State University. Whereas 
the majority of clathrates work that has been performed to date has focused on CH4 
hydrates some limited work was conducted on CO2 hydrates. Various surfactants 
and biosurfactants were tested in the laboratory to form CO2 hydrates. Rogers and 
Ding (2005) found that CO2-philic surfactant dramatically improved CO2 capture and 
CO2-hydrate formation rate was substantially increased by increasing concentrations 
of CO2-philic surfactant. A total 67.7% reduction of CO2 gas from the gas mixtures 
was realized. Therefore, CO2 hydrate holds a promise for possible development of 
practical process to capture, separate, and store CO2 for efficient transportation. 
 
Another potential application is to inject CO2 into deposits of natural gas hydrates in 
the sub-surface of the oceans. In this manner it may be possible to exchange CO2 
for CH4 and therefore sequester CO2 and generate a saleable product (Smith et al., 
2001). Some estimates indicate that natural gas hydrates in sediments (porous 
media) below arctic and sub-seafloor formations contain more energy than other 
fossil fuel deposits. The simultaneous sequestration of carbon dioxide and the 
production of methane through this process may represent a potentially efficient and 
cost-effective option for CO2 sequestration (Smith et al., 2001). Additional research 
is needed to fully provide proof of concept for the metathesis reaction.  
 
Summary 
 
Many terrestrial and geological sequestration opportunities are expected to provide a 
direct economic benefit over that obtained by merely reducing the atmospheric CO2 
loading. Among the most promising methods for the region include re-forestation 
and coal bed methane.  
 
Tertiary CO2 flooding is an on-going commercially viable activity. Further 
development of the Eastern Mississippi fields by Denbury is planned and additional 
flooding opportunities are likely for Louisiana and Eastern Texas. Still, the viability of 
CO2 EOR is currently based on access to natural sources as opposed to CO2 
obtained from fossil-fired power plants. Thus, some questions may arise based on 
differences in gas composition and, specifically, the behavior of trace gas 
constituents. Denbury had previously estimated that CO2 flooding is economic at an 
oil price of $19 bbl (Denbury, 2005). Addition of current separation and capture costs 
would clearly increase the break even point; however, the cost of oil is expected to 
remain above $19 bbl and likely over $40 bbl for the foreseeable future.  
 
Other sequestration options, including the direct injection of CO2 in deep saline 
aquifers, mineralization, and biomineralization are not expected to lead to direct 
economic gain. More detailed calculations are needed for assessing the ultimate 
changes in the environment and the associated indirect cost savings for atmospheric 
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stabilization. Similar comments apply to the direct conversion of methane hydrates; 
here, however, additional research will be needed to attain proof of concept. 

 
Leveraged Opportunities 
 
The Diagnostic Instrumentation and Analysis Laboratory was established 25 years 
ago as the MHD Energy Center. The initial work effort was focused on material and 
refractory considerations for magnetohydrodynamic power plants. Later efforts 
turned to the development of specialized instrumentation for characterizing gas 
streams and environmental impact. In 1985 the name of the Department was 
changed to DIAL.  
 
In 1993 DIAL began work efforts for DOE EM (Environmental Management). A 
number of instruments and protocols were developed with regard to plasma torch 
processing of mixed radioactive waste. Additional out year efforts resulted in 
diversification with instrumentation being developed and applied to such areas as  
phytoremediation, in-tank characterization of waste, diagnostics of glass melters, 
and evaluation of pitting corrosion. The successful history of DIAL has resulted in 
extensive expertise and infrastructure in diagnostic instrumentation development 
and application. 
 
Carbon Sequestration Instrumentation Development 
 
Additional opportunities in instrumentation in carbon sequestration research were a 
natural fit. Towards this end considerable progress that had already been made in 
cavity ringdown spectroscopy (CRDS) was examined with regard to filling specific 
MM&V needs. The technique has been applied to the determination of isotopic 
constituents of spent nuclear waste, the determination of acetone in breath (a 
precursor/indicator of diabetes) and the quantification of water in gas feeds 
employed in the semi-conductor industry. The method is molecular specific, requires 
no external calibration, and can achieve detection limits on the order of parts per 
trillion.  
 
At present there are two main identified needs that CRDS is being applied to. The 
first is the characterization of isotopic CO2 for leaks from sinks, and the second is the 
determination of pressure and temperature within a reservoir. This later information 
is expected to be of great value in evaluating the behavior of a CO2 plume in close 
proximity to a fault of seam. 
 
Leakage analysis at the well head or at an observation well has traditionally been 
performed by GC/MS analysis on collected samples. Associated with the laboratory 
cost is the temporal delay in obtaining the results. DOE NETL has commissioned 
DIAL to develop a portable CRDS unit for directly quantifying isotopic CO2, CH4, and 
C13O2 (DOE NETL, 2005b). Figure 13 provides the fundamental logic used for 
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developing the instrument (Wang et al., 2005a). Development of the instrument 
package has begun with delivery to DOE NETL in late FY2006. Plans are to 
evaluate the performance of the unit at the Bureau of Economic Geology Frio test 
site. 
 
 

C-13 Isotope by CRDS

12CO2

13CO2

 
 
Figure 12 Proof of concept spectral simulations for CRDS detection  
                 of CO2, CH4, and isotopic (Wang et al., 2005).  

 
Implementation of effective controls in oceanic and geological carbon sequestrations 
will require monitoring the condition of the injection well, such as well-head 
pressures and formation pressures.  A rugged, deployable, and cost-effective 
pressure sensor is needed.  In addition, if the sensor has the ability to measure 
down-hole, then additional validation of reservoir models and of the ability to verify 
that injected CO2 is not subject to lateral or vertical migration can be demonstrated. 
Currently, the most popular fiber pressure sensors are mainly based on fiber Fabry-
Perot interferences (FFPI) or fiber Bragg gratings (FBGs).  A new approach to 
pressure sensing has been developed involving fiber loop ring-down (Wang, 2005, 
Wang and Scherrer, 2004a, 2004b). 
 
Results from initial testing of the sensor are given in Figure 14. Here the pressure 
was simulated with repeated application of a laboratory weight. The lack of 
hysteresis and rapid response time are desirable qualities.  
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Attempts to further develop the pressure sensor are in progress. It is anticipated that 
field testing of the unit will be conducted during the “stacked storage” geological 
sequestration conducted by BEG personnel as part of the SSEB Phase II program. 
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Figure 14 Fiber ringdown pressure/force sensor response.  A rapid response  
                 and very good repeatability was observed for an applied force of 237  
                 grams (~ 338 psi). 
 
Proposal Submissions  
 
Paths for leveraging earlier DIAL studies have been directed at proposal 
preparation. To date 5 proposals, including development of the CRDS system for 
NETL have been submitted. Another effort will continue DIAL’s work on MM&V as 
associated with the Southeastern Regional Carbon Sequestration Partnership. The  
has been accepted for a Phase II award and efforts will begin in FY2006.  
 
Based on Phase I terrestrial sequestration efforts, a team led by F. X. Han submitted 
a proposal to NSF’s Office of International Science and Engineering entitled 
“International Partnership for Enhancing Long-Term Terrestrial Sequestration.” 
Collaborators for this work are located at DIAL and at Nanjing Agricultural University,  
The Hebrew University of Jerusalem, and University of Neuchatel (Switzerland). 
Other proposals submitted by Han et al., include “A Semantics driven observational 
data and model integrated systems solution for carbon management,”(NASA) and 
“Carbon sequestration and enhanced wildlife habit resulting from bottomland 
hardwood afforestation activities in the lower Mississippi alluvial valley,” which has 
been submitted to Entergy. Additional funding opportunities are being pursued as 
these become available. 
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Conclusions 
 
Through an evaluation, consisting of the characterization of the region along with 
examination of terrestrial sequestration opportunities and MM&V requirements and 
needs, future technology development requirements for the Southeastern region 
have been identified. 
 
Regional characterization has identified the primary uses for CO2 along with 
locations of the principal power plant sinks. Extension of the characterization to 
terrestrial sinks has indicated that the planting of trees can offset large quantities of 
CO2 emissions. Specific characteristics of each State in the region allow for future 
planning of terrestrial activities. The need for the use of best agricultural practices 
was also evaluated. Reforestation was shown to be cost-effective when compared to 
current estimates for handling CO2 from power plant effluents. 
 
With regard to MM&V activities the primary path forward involves the development of 
rugged instrumentation that can discriminate between CO2 from a leak and from 
local atmospheres and the realization of systems that can be deployed within a well 
for the measurement of pressure. A gap in the current DOE MM&V roadmap was 
identified in that current documentation is not available for MM&V as applied to CO2 
transportation. Specific instrumentation suggestions and paths were proposed that 
will enable DOE to incorporate MM&V for transport within the already existing 
roadmaps for capture and storage thereby integration all three primary activities. 
 
An evaluation of carbon sequestration economics has identified those storage 
opportunities that are expected to provide either significant cost savings or saleable 
products. Primary opportunities include reforestation, enhanced oil recovery and 
CO2 injection into unmineable coal seams for methane recovery. Processes such as 
direct mineralization, biomineralization, and the injection of CO2 into deep saline 
aquifers will foster stabilization of the atmosphere. One area where additional 
research is needed involves the exchange reaction between CO2 and CH4 as CO2 is 
injected into methane hydrate structures. 
 
Additional work and initiatives at DIAL are also discussed within the context of 
leveraged opportunities. These outside efforts include the development of a portable 
CRDS system for DOE NETL and the submission of a number of proposals in the 
areas of MM&V and terrestrial sequestration.   
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List of Acronyms and Abbreviations 
 

BNL   Brookhaven National Laboratory 

C   Carbon 

C2H6   Ethane 

C3H8   Propane 

CD   Compact Disc 

CH4   Methane 

CO2   Carbon Dioxide 

CRD   Cavity Ringdown 

CRDS   Cavity Ringdown Spectroscopy 

CS   Carbon Sequestration 

DIAL              Diagnostic Instrumentation & Analysis Laboratory 

MSU                            Mississippi State University 

DOE   Department of Energy 

EM   Electromagnetic 

EOR   Enhanced Oil Recovery 

ERT   Electrical Resistance Tomography 

F   Gram Force 

FBG   Fiber Bragg Grating 

FBG-LRD  Fiber Bragg Grating- Loop Ringdown 

FC/APC  Fiber Connector/Angle Polished Connector  

FFPI   Fiber Fabry-Perot Interferences 

FRP   Fiber Ring Pressure 

GEO SEQ  Geological Sequestration 

GHG   Greenhouse Gases 

H2O   Water 

InGaAs  Indium Gallium Arsenide 

INS   Inelastic Neutron Scattering 
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IR   Infrared 

LANL   Los Alamos National Laboratory 

LBNL   Lawrence Berkeley National Laboratory 

LIBS   Laser Induced Breakdown Spectroscopy 

LLNL   Lawrence Livermore National Laboratory 

M3DADI  Multi-Spectral 3 Dimensional Aerial Digital Imagery 

MIDCARB  Midcontinent Interactive Digital Carbon Atlas and Relational 

    DataBase 

MIT   Massachusetts Institute of Technology 

MM&V  Monitoring, Mitigation, and Verification 

NaI   Sodium Iodine 

NETL   National Energy Technology Laboratory 

NIR   Near Infrared 

ORNL   Oak Ridge National Laboratory 

P   Pressure 

Pg   Petagram (1x1012kg) 

R & D   Research and Development 

S   Surface Area 

SERCSP  Southeast Regional Carbon Sequestration Partnership 

SNL   Sandia National Laboratory 
SACROC  The Scurry Area Canyon Reef Operators Committee 
Tg   Teragram (1x109 kg) 

TNC   The Nature Conservancy 

UCSD   University of California, San Diego 

US   United States 

VSP   Vertical Seismic Profile 
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Appendix 1 GIS Data Supplied by Applied Geo Technologies 
 

ID SEQ STATE NAME OPERATOR NAME OWNER 
NAME PCA NAME COUNTY LAT LON TYPE VERIFY 

408 2712 NC ASHEVILLE Carolina Power & 
Light Co 

Progress 
Energy 

Carolina Power & 
Light Co/PCA BUNCOMBE 35.4714 -82.5431 C found 

409 2715 NC BELEWS CREEK Duke Power Co 
Duke 

Energy 
Corporation 

Duke Power 
Co/PCA STOKES 36.2811 -80.0603 C found 

410 2722 NC BUCK Duke Power Co 
Duke 

Energy 
Corporation 

Duke Power 
Co/PCA ROWAN 35.7133 -80.3767 C found 

411 2724 NC CANTON NORTH 
CAROLINA 

Champion 
International Corp  Carolina Power & 

Light Co/PCA HAYWOOD 35.5413 -83.0005 C  

412 2725 NC CAPE FEAR Carolina Power & 
Light Co 

Progress 
Energy 

Carolina Power & 
Light Co/PCA CHATHAM 35.5989 -79.0492 C found 

413 2734 NC CLIFFSIDE Duke Power Co 
Duke 

Energy 
Corporation 

Duke Power 
Co/PCA CLEVELAND 35.22 -81.7594 C found 

414 2735 NC COGENTRIX 
ELIZABETHTOWN Cogentrix  Carolina Power & 

Light Co/PCA BLADEN 34.6151 -78.5772 C found 

415 2736 NC COGENTRIX 
KENANSVILLE Cogentrix  Carolina Power & 

Light Co/PCA DUPLIN 34.9525 -77.9236 C  

416 2737 NC COGENTRIX 
LUMBERTON Cogentrix  Carolina Power & 

Light Co/PCA ROBESON 34.6264 -79.1432 C found 

417 2738 NC COGENTRIX ROXBORO Cogentrix  Carolina Power & 
Light Co/PCA PERSON 36.3894 -78.9748 C found 

418 2739 NC COGENTRIX 
SOUTHPORT Cogentrix  Carolina Power & 

Light Co/PCA BRUNSWICK 34.1051 -78.2935 C  

419 2743 NC DAN RIVER Duke Power Co 
Duke 

Energy 
Corporation 

Duke Power 
Co/PCA ROCKINGHAM 36.4861 -79.7244 C found 

420 2746 NC 

DWAYNE COLLIER 
BATTLE 

COGENERATION 
FACILITY 

Cogentrix  
Dominion 
Virginia 

Power/PCA 
EDGECOMBE 35.9145 -77.5843 C found 

421 2747 NC ENKA BASF  Carolina Power & 
Light Co/PCA BUNCOMBE 35.6211 -82.5299 C found 

422 2751 NC G G ALLEN Duke Power Co 
Duke 

Energy 
Corporation 

Duke Power 
Co/PCA GASTON 35.1897 -81.0122 C found 

423 2759 NC KANNAPOLIS ENERGY 
PARTNERS 

Kannapolis Energy 
Partners LLC  Duke Power 

Co/PCA CABARRUS 35.3459 -80.5416 C  

424 2760 NC KANNAPOLIS ENERGY Fieldcrest Cannon Inc  Duke Power ROWAN 35.6773 -80.4773 C found 
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ID SEQ STATE NAME OPERATOR NAME OWNER 
NAME PCA NAME COUNTY LAT LON TYPE VERIFY 

PARTNERS SPENCER Co/PCA 

425 2761 NC KINSTON  NORTH 
CAROLINA PLANT 

E I DuPont De 
Nemours & Co  Carolina Power & 

Light Co/PCA LENOIR 35.2172 -77.6116 C  

426 2763 NC L V SUTTON Carolina Power & 
Light Co 

Progress 
Energy 

Carolina Power & 
Light Co/PCA NEW HANOVER 34.2831 -77.9867 C found 

427 2764 NC LEE Carolina Power & 
Light Co 

Progress 
Energy 

Carolina Power & 
Light Co/PCA WAYNE 35.3778 -78.1 C found 

428 2770 NC MARSHALL Duke Power Co 
Duke 

Energy 
Corporation 

Duke Power 
Co/PCA CATAWBA 35.5975 -80.9658 C found 

429 2771 NC MAYO Carolina Power & 
Light Co 

Progress 
Energy 

Carolina Power & 
Light Co/PCA PERSON 36.5278 -78.8919 C found 

430 2789 NC RIVERBEND Duke Power Co 
Duke 

Energy 
Corporation 

Duke Power 
Co/PCA GASTON 35.36 -80.9742 C found 

431 2795 NC ROXBORO Carolina Power & 
Light Co 

Progress 
Energy 

Carolina Power & 
Light Co/PCA PERSON 36.4831 -79.0711 C found 

432 2803 NC TOBACCOVILLE 
UTILITY PLANT 

R J Reynolds Tobacco 
Co  Duke Power 

Co/PCA FORSYTH 36.1165 -80.2718 C  

433 2808 NC 
UNC CHAPEL HILL 
COGENERATION 

FACILITY 

University of N C 
Chapel Hill  Duke Power 

Co/PCA ORANGE 36.0523 -79.1076 C  

434 2809 NC W H WEATHERSPOON Carolina Power & 
Light Co 

Progress 
Energy 

Carolina Power & 
Light Co/PCA ROBESON 34.5889 -78.975 C found 

435 2814 NC 
WESTMORELAND LG&E 

PARTNERS ROANOKE 
VALLEY II 

LG&E Power Services E.ON 
(Germany) 

Dominion 
Virginia 

Power/PCA 
HALIFAX 36.2571 -77.6284 C  

436 2815 NC 
WESTMORELAND LG&E 

PARTNERS ROANOKE 
VALLEY 1 

LG&E Power Services E.ON 
(Germany) 

Duke Power 
Co/PCA HALIFAX 36.2571 -77.6284 C  

437 2723 NC BUTLER WARNER GEN Fayetteville Public 
Works Comm  Carolina Power & 

Light Co/PCA CUMBERLAND 35.0489 -78.8066 G  

438 2765 NC LINCOLN COMBUSTION Duke Power Co 
Duke 

Energy 
Corporation 

Duke Power 
Co/PCA LINCOLN 35.485 -81.2393 G found 

439 2783 NC PANDA ROSEMARY LP Panda Energy  
Dominion 
Virginia 

Power/PCA 
HALIFAX 36.2571 -77.6284 G  

440 2792 NC ROCK TENN DALLAS 
MILL Rock-Tenn Co  Duke Power 

Co/PCA GASTON 32.7669 -96.7773 G found 
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ID SEQ STATE NAME OPERATOR NAME OWNER 
NAME PCA NAME COUNTY LAT LON TYPE VERIFY 

441 2793 NC ROCKINGHAM POWER 
LLC Dynegy Generation Dynegy Inc Duke Power 

Co/PCA ROCKINGHAM 36.3919 -79.7732 G  

442 2798 NC SOUTHPORT Archer Daniels 
Midland Co  Carolina Power & 

Light Co/PCA BRUNSWICK 34.1051 -78.2935 G  

443 2812 NC WAYNE COUNTY Carolina Power & 
Light Co 

Progress 
Energy 

Carolina Power & 
Light Co/PCA WAYNE 35.3858 -78.0555 G  

444 2726 NC 

CAROLINA FOOD 
PROCESS INC 

GENERATION FACILITY 
1 

Smithfield Packing Co  Carolina Power & 
Light Co/PCA BLADEN 34.6151 -78.5772 O  

445 2727 NC 

CAROLINA FOOD 
PROCESS INC 

GENERATION FACILITY 
2 

Smithfield Packing Co  Carolina Power & 
Light Co/PCA BLADEN 34.6151 -78.5772 O  

446 2728 NC CARROLLS FOOD INC Carrolls Food Inc  Carolina Power & 
Light Co/PCA DUPLIN 34.9525 -77.9236 O  

447 2729 NC 
CATALYTICA 

PHARMACEUTICALS 
INC 

Catalytica 
Pharmaceuticals Inc  Carolina Power & 

Light Co/PCA PITT 35.5867 -77.4355 O  

448 2744 NC DAVIDSON WATER INC Davidson Water Inc  Duke Power 
Co/PCA DAVIDSON 35.7651 -80.2626 O found 

449 2762 NC KITTY HAWK Dominion Virginia 
Power Dominion 

Dominion 
Virginia 

Power/PCA 
DARE 35.7123 -75.7476 O  

450 2775 NC MOLL INDUSTRIES - 
SEAGROVE DIVISION Moll Industries Inc  Carolina Power & 

Light Co/PCA RANDOLPH 35.7131 -79.8043 O  

451 2776 NC MOREHEAD Carolina Power & 
Light Co 

Progress 
Energy 

Carolina Power & 
Light Co/PCA CARTERET 34.9238 -76.5901 O  

452 2786 NC PPG INDUSTRIES INC 
SHELBY NC WORKS 52 PPG Industries Inc  Duke Power 

Co/PCA CLEVELAND 35.3716 -81.546 O  

453 2799 NC SPRINT MID ATLANTIC 
TELECOM ADMIN BLDG 

Sprint Mid Atlantic 
Telecom  Carolina Power & 

Light Co/PCA WAKE 35.7975 -78.6253 O  

454 2811 NC WATER FILTER PLANT 
#2 

Morganton City of 
NUGs 

Morganton 
City of 

Duke Power 
Co/PCA BURKE 35.782 -81.6537 O  

455 2813 NC 
WEST 

PHARMACEUTICAL 
SERVICES 

West Co  Carolina Power & 
Light Co/PCA LENOIR 35.2172 -77.6116 O  

488 3769 SC CANADYS STEAM South Carolina 
Electric&Gas Co 

SCANA 
Corporation 

South Carolina 
Electric&Gas 

Co/PCA 
COLLETON 33.0647 -80.6228 C found 
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ID SEQ STATE NAME OPERATOR NAME OWNER 
NAME PCA NAME COUNTY LAT LON TYPE VERIFY 

489 3777 SC COPE South Carolina 
Electric&Gas Co 

SCANA 
Corporation 

South Carolina 
Electric&Gas 

Co/PCA 
ORANGEBURG 33.3639 -81.0303 C  

490 3778 SC CROSS South Carolina Pub 
Serv Auth  

South Carolina 
Pub Serv 

Auth/PCA 
BERKELEY 33.3694 -80.1119 C found 

491 3781 SC DOLPHUS M GRAINGER South Carolina Pub 
Serv Auth  

South Carolina 
Pub Serv 

Auth/PCA 
HORRY 33.8253 -79.0528 C found 

492 3789 SC H B ROBINSON Carolina Power & 
Light Co 

Progress 
Energy 

Carolina Power & 
Light Co/PCA DARLINGTON 34.4 -80.1667 C found 

493 3795 SC JEFFERIES South Carolina Pub 
Serv Auth  

South Carolina 
Pub Serv 

Auth/PCA 
BERKELEY 33.2422 -79.9875 C found 

494 3799 SC MAY PLANT E I DuPont De 
Nemours & Co  Carolina Power & 

Light Co/PCA KERSHAW 34.3418 -80.582 C  

495 3800 SC MCMEEKIN South Carolina 
Electric&Gas Co 

SCANA 
Corporation 

South Carolina 
Electric&Gas 

Co/PCA 
LEXINGTON 34.0556 -81.2172 C found 

496 3818 SC URQUHART South Carolina 
Electric&Gas Co 

SCANA 
Corporation 

South Carolina 
Electric&Gas 

Co/PCA 
AIKEN 33.4339 -81.9114 C found 

497 3819 SC USDOE SRS (D-AREA) South Carolina 
Electric&Gas Co 

SCANA 
Corporation 

South Carolina 
Electric&Gas 

Co/PCA 
AIKEN 33.5383 -81.6056 C  

498 3820 SC W S LEE Duke Power Co 
Duke 

Energy 
Corporation 

Duke Power 
Co/PCA ANDERSON 34.6022 -82.435 C found 

499 3823 SC WATEREE South Carolina 
Electric&Gas Co 

SCANA 
Corporation 

South Carolina 
Electric&Gas 

Co/PCA 
RICHLAND 33.8264 -80.6228 C found 

500 3824 SC WILLIAMS South Carolina 
Genertg Co Inc 

SCANA 
Corporation 

South Carolina 
Electric&Gas 

Co/PCA 
BERKELEY 33.0158 -79.9297 C found 

501 3825 SC WINYAH South Carolina Pub 
Serv Auth  

South Carolina 
Pub Serv 

Auth/PCA 
GEORGETOWN 33.4953 -79.3347 C found 

502 3764 SC BJU COGENERATION 
PLANT Bob Jones University  Duke Power 

Co/PCA GREENVILLE 34.841 -82.4548 G  

503 3766 SC BROAD RIVER ENERGY Broad River Energy  Duke Power CHEROKEE 35.0113 -81.6207 G  
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ID SEQ STATE NAME OPERATOR NAME OWNER 
NAME PCA NAME COUNTY LAT LON TYPE VERIFY 

CENTER Co/PCA 

504 3767 SC BURTON South Carolina 
Electric&Gas Co 

SCANA 
Corporation 

South Carolina 
Electric&Gas 

Co/PCA 
BEAUFORT 32.3926 -80.7183 G  

505 3773 SC 
CHEROKEE COUNTY 

COGENERATION 
PARTNERS LP 

FPL Energy FPL Group, 
Inc 

Duke Power 
Co/PCA CHEROKEE 35.0113 -81.6207 G  

506 3775 SC COIT GT South Carolina 
Electric&Gas Co 

SCANA 
Corporation 

South Carolina 
Electric&Gas 

Co/PCA 
RICHLAND 34.0057 -80.9808 G  

507 3779 SC DARLINGTON COUNTY Carolina Power & 
Light Co 

Progress 
Energy 

Carolina Power & 
Light Co/PCA DARLINGTON 34.3089 -79.9736 G  

508 3783 SC FABER PLACE South Carolina 
Electric&Gas Co 

SCANA 
Corporation 

South Carolina 
Electric&Gas 

Co/PCA 
CHARLESTON 32.8542 -79.8597 G  

509 3790 SC HAGOOD South Carolina 
Electric&Gas Co 

SCANA 
Corporation 

South Carolina 
Electric&Gas 

Co/PCA 
CHARLESTON 32.8269 -79.9639 G found 

510 3805 SC PARR GT South Carolina 
Electric&Gas Co 

SCANA 
Corporation 

South Carolina 
Electric&Gas 

Co/PCA 
FAIRFIELD 34.3878 -81.0975 G  

511 3791 SC HARDEEVILLE South Carolina 
Electric&Gas Co 

SCANA 
Corporation 

South Carolina 
Electric&Gas 

Co/PCA 
JASPER 32.3995 -81.0537 O  

512 3792 SC HILTON HEAD South Carolina Pub 
Serv Auth  

South Carolina 
Pub Serv 

Auth/PCA 
BEAUFORT 32.3926 -80.7183 O  

513 3801 SC MYRTLE BEACH South Carolina Pub 
Serv Auth  

South Carolina 
Pub Serv 

Auth/PCA 
HORRY 33.9356 -78.9411 O found 

514 3848 TN ALLEN Tennessee Valley 
Authority  Tennessee Valley 

Authority/PCA SHELBY 35.0742 -90.1492 C found 

515 3853 TN BULL RUN Tennessee Valley 
Authority  Tennessee Valley 

Authority/PCA ANDERSON 36.0211 -84.1567 C found 

516 3862 TN CORN WET MILLING 
PLANT Cargill Inc  Tennessee Valley 

Authority/PCA SHELBY 35.1996 -89.9711 C found 

517 3863 TN CUMBERLAND Tennessee Valley 
Authority  Tennessee Valley 

Authority/PCA STEWART 36.3942 -87.6539 C found 

518 3868 TN GALLATIN Tennessee Valley 
Authority  Tennessee Valley 

Authority/PCA SUMNER 36.3156 -86.4006 C found 
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ID SEQ STATE NAME OPERATOR NAME OWNER 
NAME PCA NAME COUNTY LAT LON TYPE VERIFY 

519 3875 TN JOHN SEVIER Tennessee Valley 
Authority  Tennessee Valley 

Authority/PCA HAWKINS 36.3767 -82.9639 C found 

520 3876 TN JOHNSONVILLE Tennessee Valley 
Authority  Tennessee Valley 

Authority/PCA HUMPHREYS 36.0278 -87.9861 C found 

521 3877 TN KINGSTON Tennessee Valley 
Authority  Tennessee Valley 

Authority/PCA ROANE 35.8992 -84.5194 C found 

522 3878 TN LOWLAND Lenzig Fibers Corp  Tennessee Valley 
Authority/PCA HAMBLEN 36.1875 -83.2746 C found 

523 3889 TN OLD HICKORY PLANT E I DuPont De 
Nemours & Co  Tennessee Valley 

Authority/PCA DAVIDSON 36.1869 -86.7855 C found 

524 3897 TN 
TENN EASTMAN DIV A 

DIV OF EASTMAN 
CHEMICAL CO 

Tennessee Eastman 
Division  American Electric 

Power East/PCA SULLIVAN 36.5063 -82.2538 C found 

525 3900 TN 
VANDERBILT 

UNIVERSITY POWER 
PLANT 

Plant Operations Dept  Tennessee Valley 
Authority/PCA DAVIDSON 36.1869 -86.7855 C found 

526 3902 TN WATTS BAR FOSSIL Tennessee Valley 
Authority  Tennessee Valley 

Authority/PCA RHEA 35.6171 -84.9348 C  

527 3852 TN 
BROWNSVILLE 

PEAKING POWER 
PLANT 

Brownsville Power I 
LLC  Tennessee Valley 

Authority/PCA HAYWOOD 35.6099 -89.2856 G found 

528 3869 TN GLEASON POWER 
FACILITY Gleason Power LLC  Tennessee Valley 

Authority/PCA WEAKLEY 36.2828 -88.7379 G  

529 3890 TN OPRYLAND USA Gaylord Entertainment 
Co  Tennessee Valley 

Authority/PCA DAVIDSON 36.1869 -86.7855 G found 

530 3892 TN PCS NITROGEN 
FERTILIZER LP PCS Fertilizer  Tennessee Valley 

Authority/PCA SHELBY 35.1996 -89.9711 G  

531 3899 TN UT STEAM PLANT University of 
Tennessee  Tennessee Valley 

Authority/PCA KNOX 35.9957 -83.9684 G found 

26 223 AR FLINT CREEK Southwestern Electric 
Power Co 

American 
Electric 

Power Co 
Inc 

American Electric 
Power - West 
(SPP)/PCA 

BENTON 36.2625 -94.5208 C found 

27 229 AR INDEPENDENCE Entergy Arkansas Inc Entergy 
Corporation 

Entergy Electric 
System/PCA INDEPENDENCE 35.6733 -91.4083 C found 

28 247 AR WHITE BLUFF Entergy Arkansas Inc Entergy 
Corporation 

Entergy Electric 
System/PCA JEFFERSON 34.4236 -92.1392 C foond 

29 210 AR BAILEY Arkansas Electric 
Coop Corp  Entergy Electric 

System/PCA WOODRUFF 35.2572 -91.3708 G found 

30 216 AR CECIL LYNCH Entergy Arkansas Inc Entergy Entergy Electric PULASKI 34.752 -92.3924 G found 
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Corporation System/PCA 

31 222 AR FITZHUGH Arkansas Electric 
Coop Corp  Entergy Electric 

System/PCA FRANKLIN 35.4869 -93.8887 G found 

32 226 AR HAMILTON MOSES Entergy Arkansas Inc Entergy 
Corporation 

Entergy Electric 
System/PCA ST FRANCIS 35.0082 -90.7757 G  

33 227 AR HARVEY COUCH Entergy Arkansas Inc Entergy 
Corporation 

Entergy Electric 
System/PCA LAFAYETTE 33.3667 -93.4833 G  

34 228 AR HELENA Archer Daniels 
Midland Co  Entergy Electric 

System/PCA PHILLIPS 34.382 -90.8424 G  

35 231 AR LAKE CATHERINE Entergy Arkansas Inc Entergy 
Corporation 

Entergy Electric 
System/PCA HOT SPRING 34.4417 -92.9125 G  

36 233 AR LITTLE ROCK Archer Daniels 
Midland Co  Entergy Electric 

System/PCA PULASKI 34.752 -92.3924 G  

37 234 AR MABELVALE Entergy Arkansas Inc Entergy 
Corporation 

Entergy Electric 
System/PCA PULASKI 34.752 -92.3924 G  

38 235 AR MCCLELLAN Arkansas Electric 
Coop Corp  Entergy Electric 

System/PCA OUACHITA 33.5642 -92.7875 G found 

39 244 AR ROBERT E RITCHIE Entergy Arkansas Inc Entergy 
Corporation 

Entergy Electric 
System/PCA PHILLIPS 34.4667 -90.6 G found 

40 245 AR SPARKS REGIONAL 
MEDICAL CENTER 

Sparks Regional 
Medical Center  Oklahoma Gas & 

Electric Co/PCA SEBASTIAN 35.1921 -94.238 G  

41 236 AR MUNICIPAL LIGHT Piggott City of  Entergy Electric 
System/PCA CLAY 36.3498 -90.4363 O  

42 1116 FL BIG BEND Tampa Electric Co TECO 
Energy, Inc 

Tampa Electric 
Co/PCA HILLSBOROUGH 27.7944 -82.4036 C found 

43 1121 FL C D MCINTOSH JR Lakeland City of  Florida Power 
Corporation/PCA POLK 28.075 -81.9292 C found 

44 1126 FL CEDAR BAY 
GENERATING CO LP 

PG&E National 
Energy Group 

PG&E 
Corporation 

JEA (City of 
Jacksonville)/PCA DUVAL 30.3448 -81.7153 C found 

45 1129 FL CENTRAL POWER&LIME 
INC 

Central Power and 
Lime Inc  Florida Power & 

Light Co/PCA HERNANDO 28.5639 -82.3681 C  

46 1133 FL CRIST Gulf Power Co 
Southern 
Company 

Inc 

Southern Co 
Services Inc/PCA ESCAMBIA 30.5658 -87.2239 C found 

47 1134 FL CRYSTAL RIVER Florida Power Corp Progress 
Energy 

Florida Power 
Corporation/PCA CITRUS 28.9575 -82.6997 C found 

48 1141 FL DEERHAVEN Gainesville Regional 
Utilities  

Gainesville 
Regional 

Utilities/PCA 
ALACHUA 29.7167 -82.3833 C found 

49 1142 FL F J GANNON Tampa Electric Co TECO Tampa Electric HILLSBOROUGH 27.9069 -82.4233 C found 
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Energy, Inc Co/PCA 

50 1158 FL 
INDIANTOWN 

COGENERATION 
FACILITY 

PG&E National 
Energy Group 

PG&E 
Corporation 

Florida Power & 
Light Co/PCA MARTIN 27.1098 -80.4832 C found 

51 1168 FL LANSING SMITH Gulf Power Co 
Southern 
Company 

Inc 

Southern Co 
Services Inc/PCA BAY 30.2661 -85.6989 C found 

52 1194 FL POLK Tampa Electric Co TECO 
Energy, Inc 

Tampa Electric 
Co/PCA POLK 28.0023 -81.6244 C  

53 1205 FL SCHOLZ Gulf Power Co 
Southern 
Company 

Inc 

Southern Co 
Services Inc/PCA JACKSON 30.6794 -84.8872 C  

54 1206 FL SEMINOLE Seminole Electric 
Coop Inc  Seminole Electric 

Coop Inc/PCA PUTNAM 29.7336 -81.6339 C  

55 1213 FL ST JOHNS RIVER POWER Jacksonville Electric 
Auth  JEA (City of 

Jacksonville)/PCA DUVAL 30.4308 -81.5508 C found 

56 1217 FL STANTON ENERGY CTR Orlando Utilities 
Comm  Florida Municipal 

Power Pool/PCA ORANGE 28.4822 -81.1678 C found 

57 1108 FL ANCLOTE Florida Power Corp Progress 
Energy 

Florida Power 
Corporation/PCA PASCO 28.1842 -82.7872 G found 

58 1109 FL 
ANHEUSER BUSCH INC 

JACKSONVILLE 
BREWERY 

Anheuser Busch Inc  JEA (City of 
Jacksonville)/PCA DUVAL 30.3448 -81.7153 G  

59 1110 FL ARVAH B HOPKINS Tallahassee City of  Tallahassee City 
Of/PCA LEON 30.4522 -84.4 G found 

60 1111 FL AUBURNDALE POWER 
PARTNERS LP Calpine  Tampa Electric 

Co/PCA POLK 28.0023 -81.6244 G  

61 1112 FL AVON PARK Florida Power Corp Progress 
Energy 

Florida Power 
Corporation/PCA HIGHLANDS 27.3391 -81.2525 G  

62 1113 FL BAPTIST MEDICAL 
CENTER 

Baptist Memorial 
Hospital  JEA (City of 

Jacksonville)/PCA DUVAL 30.3448 -81.7153 G found 

63 1118 FL BLACKJACK CREEK 
TREATING De Soto Oil & Gas Inc  Southern Co 

Services Inc/PCA SANTA ROSA 30.6749 -87.0482 G  

64 1122 FL CANE ISLAND Kissimmee Utility 
Authority  Florida Municipal 

Power Pool/PCA OSCEOLA 27.9948 -81.2595 G  

65 1128 FL CENTRAL ENERGY 
PLANT 

Reedy Creek 
Improvement Dist  

Reedy Creek 
Improvement 
District/PCA 

ORANGE 28.5662 -81.2613 G  

66 1137 FL CUTLER Florida Power & Light 
Co 

FPL Group, 
Inc 

Florida Power & 
Light Co/PCA MIAMI-DADE 25.6311 -80.2983 G found 
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67 1138 FL CUTRALE CITRUS 
JUICES USA  INC 

Cutrale Citrus Juices 
USA Inc  Tampa Electric 

Co/PCA POLK 28.0023 -81.6244 G  

68 1139 FL 
CUTRALE CITRUS 
JUICES USA INC 

LEESBURG 

Cutrale Citrus Juices 
USA Inc  Florida Power 

Corporation/PCA LAKE 28.8112 -81.655 G  

69 1140 FL DEBARY Florida Power Corp Progress 
Energy 

Florida Power 
Corporation/PCA VOLUSIA 29.0199 -81.2071 G  

70 1144 FL FLORIDA'S  NATURAL 
GROWERS 

Florida's Natural 
Growers Div  Florida Power 

Corporation/PCA POLK 28.0023 -81.6244 G  

71 1147 FL G W IVEY Homestead City of  Homestead City 
Of/PCA DADE 25.5582 -80.4962 G  

72 1148 FL HANSEL Kissimmee Utility 
Authority  Florida Municipal 

Power Pool/PCA OSCEOLA 27.9948 -81.2595 G  

73 1149 FL HARDEE POWER 
STATION 

TPS Operations 
Company  Seminole Electric 

Coop Inc/PCA HARDEE 27.4914 -81.8097 G  

74 1150 FL HENRY D KING Fort Pierce Utilities 
Auth  Florida Municipal 

Power Pool/PCA ST LUCIE 27.45 -80.3239 G found 

75 1151 FL HIGGINS Florida Power Corp Progress 
Energy 

Florida Power 
Corporation/PCA PINELLAS 28.0022 -82.6631 G found 

76 1153 FL HINES ENERGY 
COMPLEX Florida Power Corp Progress 

Energy 
Florida Power 

Corporation/PCA POLK 28.0023 -81.6244 G  

77 1157 FL INDIAN RIVER PLANT Orlando Utilities 
Comm  Florida Municipal 

Power Pool/PCA BREVARD 28.4933 -80.78 G found 

78 1159 FL INTERCESSION CITY Florida Power Corp Progress 
Energy 

Florida Power 
Corporation/PCA OSCEOLA 27.9948 -81.2595 G  

79 1160 FL J D KENNEDY Jacksonville Electric 
Auth  JEA (City of 

Jacksonville)/PCA DUVAL 30.3639 -81.6233 G found 

80 1165 FL JOHN R KELLY Gainesville Regional 
Utilities  

Gainesville 
Regional 

Utilities/PCA 
ALACHUA 29.6458 -82.3214 G found 

81 1166 FL LAKE COGEN LTD General Electric Co 
General 
Electric 

Company 

Florida Power 
Corporation/PCA LAKE 28.8112 -81.655 G  

82 1169 FL LARSEN MEMORIAL Lakeland City of  Florida Power 
Corporation/PCA POLK 28.0333 -81.9167 G  

83 1170 FL LAUDERDALE Florida Power & Light 
Co 

FPL Group, 
Inc 

Florida Power & 
Light Co/PCA BROWARD 26.0683 -80.2 G found 

84 1176 FL MERRITT SQUARE 
MALL 

JonesLang LaSalle 
Americas Inc  Florida Power & 

Light Co/PCA BREVARD 28.3065 -80.7175 G  

85 1178 FL MULBERRY CSW Energy Inc  Florida Power POLK 28.0023 -81.6244 G found 
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COGENERATION 
FACILITY 

Corporation/PCA 

86 1179 FL NITRAM INC Nitram Inc  Tampa Electric 
Co/PCA HILLSBOROUGH 27.9091 -82.353 G  

87 1183 FL 
ORANGE 

COGENERATION 
FACILITY 

CSW Energy Inc  Florida Power 
Corporation/PCA POLK 28.0023 -81.6244 G  

88 1184 FL ORLANDO COGEN LP Air Products  Florida Power 
Corporation/PCA ORANGE 28.5662 -81.2613 G  

89 1187 FL PASCO COGEN LTD Aquila Generation 
Services Aquila Inc Tampa Electric 

Co/PCA PASCO 28.3248 -82.4307 G  

90 1189 FL PENSACOLA 
COGENERATION PLANT Vennie Welch  Southern Co 

Services Inc/PCA ESCAMBIA 30.637 -87.3329 G  

91 1191 FL PENSACOLA FLORIDA 
PLANT Solutia Inc  Southern Co 

Services Inc/PCA ESCAMBIA 30.637 -87.3329 G  

92 1197 FL PUTNAM Florida Power & Light 
Co 

FPL Group, 
Inc 

Florida Power & 
Light Co/PCA PUTNAM 29.5818 -81.7453 G  

93 1203 FL S O PURDOM Tallahassee City of  Tallahassee City 
Of/PCA WAKULLA 30.1583 -84.2 G found 

94 1212 FL ST CLOUD Orlando Utilities 
Comm  Florida Municipal 

Power Pool/PCA OSCEOLA 27.9948 -81.2595 G  

95 1214 FL ST JOSEPHS HOSPITAL St Josephs Hospital  Tampa Electric 
Co/PCA HILLSBOROUGH 27.9091 -82.353 G  

96 1216 FL ST VINCENTS MEDICAL 
CENTER 

St Vincents Medical 
Center  JEA (City of 

Jacksonville)/PCA DUVAL 30.3448 -81.7153 G  

97 1223 FL TIGER BAY Florida Power Corp Progress 
Energy 

Florida Power 
Corporation/PCA POLK 28.0023 -81.6244 G  

98 1225 FL TOM G SMITH Lake Worth City of  Florida Municipal 
Power Pool/PCA PALM BEACH 26.6125 -80.0678 G found 

99 1226 FL 
TROPICANA PRODUCTS 

INC BRADENTON 
COGEN 

Tropicana Products 
Inc  Florida Power & 

Light Co/PCA MANATEE 27.4268 -82.4004 G  

100 1229 FL UNIVERSITY OF FL Florida Power Corp Progress 
Energy 

Florida Power 
Corporation/PCA ALACHUA 29.6828 -82.3558 G  

101 1230 FL VERO BEACH 
MUNICIPAL Vero Beach City of  Florida Municipal 

Power Pool/PCA INDIAN RIVER 27.6311 -80.3758 G found 

102 1115 FL BAYBORO Florida Power Corp Progress 
Energy 

Florida Power 
Corporation/PCA PINELLAS 27.8961 -82.7229 O  

103 1117 FL BIG PINE Key West City of Key West 
City of 

Florida Municipal 
Power Pool/PCA MONROE 25.4604 -81.1635 O  

DE-FC26-03NT41980

SECARB Deliverables Appendix Document
Volume I

Page 81 of 548



   
 

Diagnostic Instrumentation and Analysis Laboratory Final Report,  
Subcontract SSEB-NT41980-997-DIAL-2003-01  

 

72

ID SEQ STATE NAME OPERATOR NAME OWNER 
NAME PCA NAME COUNTY LAT LON TYPE VERIFY 

104 1123 FL CAPE CANAVERAL Florida Power & Light 
Co 

FPL Group, 
Inc 

Florida Power & 
Light Co/PCA BREVARD 28.4694 -80.7642 O found 

105 1136 FL CUDJOE Key West City of Key West 
City of 

Florida Municipal 
Power Pool/PCA MONROE 25.4604 -81.1635 O  

106 1145 FL FORT MYERS Florida Power & Light 
Co 

FPL Group, 
Inc 

Florida Power & 
Light Co/PCA LEE 26.6969 -81.7819 O found 

107 1146 FL G E TURNER Florida Power Corp Progress 
Energy 

Florida Power 
Corporation/PCA VOLUSIA 28.8686 -81.2728 O found 

108 1154 FL HOOKERS POINT Tampa Electric Co TECO 
Energy, Inc 

Tampa Electric 
Co/PCA HILLSBOROUGH 27.9381 -82.4436 O found 

109 1172 FL MANATEE Florida Power & Light 
Co 

FPL Group, 
Inc 

Florida Power & 
Light Co/PCA MANATEE 27.6058 -82.3456 O found 

110 1173 FL MARATHON Florida Keys El Coop 
Assn Inc  Florida Power & 

Light Co/PCA MONROE 25.4604 -81.1635 O  

111 1174 FL MARTIN Florida Power & Light 
Co 

FPL Group, 
Inc 

Florida Power & 
Light Co/PCA MARTIN 27.1098 -80.4832 O  

112 1181 FL NORTHSIDE 
GENERATING 

Jacksonville Electric 
Auth  JEA (City of 

Jacksonville)/PCA DUVAL 30.4178 -81.5525 O found 

113 1185 FL P L BARTOW Florida Power Corp Progress 
Energy 

Florida Power 
Corporation/PCA PINELLAS 27.8597 -82.6025 O found 

114 1192 FL PHILLIPS Tampa Electric Co TECO 
Energy, Inc 

Tampa Electric 
Co/PCA HIGHLANDS 27.3391 -81.2525 O  

115 1195 FL PORT EVERGLADES Florida Power & Light 
Co 

FPL Group, 
Inc 

Florida Power & 
Light Co/PCA BROWARD 26.0856 -80.1253 O found 

116 1196 FL PORTLAND Alabama Electric 
Coop Inc  Alabama Electric 

Coop Inc/PCA WALTON 30.6317 -86.1212 O  

117 1199 FL RELIANT ENERGY 
INDIAN RIVER PLANT Reliant Resources  Florida Municipal 

Power Pool/PCA BREVARD 28.4933 -80.78 O found 

118 1201 FL RIO PINAR Florida Power Corp Progress 
Energy 

Florida Power 
Corporation/PCA ORANGE 28.5662 -81.2613 O  

119 1202 FL RIVIERA Florida Power & Light 
Co 

FPL Group, 
Inc 

Florida Power & 
Light Co/PCA PALM BEACH 26.7653 -80.0525 O found 

120 1204 FL SANFORD Florida Power & Light 
Co 

FPL Group, 
Inc 

Florida Power & 
Light Co/PCA VOLUSIA 28.8419 -81.3256 O found 

121 1208 FL SMITH STREET New Smyrna Beach 
Utils Comm  

New Smyrna 
Beach Utils 
Comm/PCA 

VOLUSIA 29.0199 -81.2071 O  

122 1211 FL SOUTHSIDE 
GENERATING 

Jacksonville Electric 
Auth  JEA (City of 

Jacksonville)/PCA DUVAL 30.3167 -81.6486 O found 

123 1218 FL STOCK ISLAND Key West City of Key West Florida Municipal MONROE 25.53 -81.07 O  
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City of Power Pool/PCA 

124 1220 FL SUWANNEE RIVER Florida Power Corp Progress 
Energy 

Florida Power 
Corporation/PCA SUWANNEE 30.3764 -83.1803 O found 

125 1227 FL TURKEY POINT Florida Power & Light 
Co 

FPL Group, 
Inc 

Florida Power & 
Light Co/PCA MIAMI-DADE 25.4356 -80.3308 O found 

126 1232 FL W E SWOOPE New Smyrna Beach 
Utils Comm  

New Smyrna 
Beach Utils 
Comm/PCA 

VOLUSIA 29.0199 -81.2071 O  

127 1236 GA ARKWRIGHT Georgia Power Co 
Southern 
Company 

Inc 

Southern Co 
Services Inc/PCA BIBB 32.9269 -83.6997 C found 

128 1249 GA BOWEN Georgia Power Co 
Southern 
Company 

Inc 

Southern Co 
Services Inc/PCA BARTOW 34.1256 -84.9192 C found 

129 1250 GA BROWN WILLIAMSON 
TOBACCO CO 

Brown & Williamson 
Tobacco Co  Southern Co 

Services Inc/PCA BIBB 32.8084 -83.6912 C found 

131 1270 GA HAMMOND Georgia Power Co 
Southern 
Company 

Inc 

Southern Co 
Services Inc/PCA FLOYD 34.3333 -85.2336 C found 

132 1271 GA HARLLEE BRANCH Georgia Power Co 
Southern 
Company 

Inc 

Southern Co 
Services Inc/PCA PUTNAM 33.1942 -83.2994 C found 

133 1283 GA JACK MCDONOUGH Georgia Power Co 
Southern 
Company 

Inc 

Southern Co 
Services Inc/PCA COBB 33.8244 -84.475 C found 

134 1285 GA KRAFT Savannah Electric & 
Power Co 

Southern 
Company 

Inc 

Southern Co 
Services Inc/PCA CHATHAM 32.1333 -81.1333 C found 

135 1288 GA MCINTOSH Savannah Electric & 
Power Co 

Southern 
Company 

Inc 

Southern Co 
Services Inc/PCA EFFINGHAM 32.3533 -81.1628 C found 

136 1292 GA MITCHELL Georgia Power Co 
Southern 
Company 

Inc 

Southern Co 
Services Inc/PCA DOUGHERTY 31.4444 -84.1322 C found 

139 1316 GA SCHERER Georgia Power Co 
Southern 
Company 

Inc 

Southern Co 
Services Inc/PCA MONROE 33.0583 -83.8072 C found 

141 1337 GA WANSLEY Georgia Power Co 
Southern 
Company 

Inc 

Southern Co 
Services Inc/PCA HEARD 33.4167 -85.0333 C found 
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143 1239 GA ATKINSON Georgia Power Co 
Southern 
Company 

Inc 

Southern Co 
Services Inc/PCA COBB 33.8244 -84.475 G found 

144 1243 GA BACONTON POWER The PIC Energy Group 
Inc  Southern Co 

Services Inc/PCA MITCHELL 31.2603 -84.2531 G found 

149 1272 GA HARTWELL ENERGY LP Dynegy Generation Dynegy Inc Southern Co 
Services Inc/PCA HART 34.3518 -82.9451 G found 

154 1297 GA NEXPAK Atlanta Precision 
Molding Co  Southern Co 

Services Inc/PCA GWINNETT 33.9603 -84.0378 G found 

155 1306 GA RIVERSIDE Savannah Electric & 
Power Co 

Southern 
Company 

Inc 

Southern Co 
Services Inc/PCA CHATHAM 32.0833 -81.0958 G found 

156 1307 GA RIVERSIDE 
MANUFACTURING CO 

Riverside 
Manufacturing Co  Southern Co 

Services Inc/PCA COLQUITT 31.1802 -83.7617 G found 

158 1317 GA SEWELL CREEK 
ENERGY 

Oglethorpe Power 
Corp  Southern Co 

Services Inc/PCA POLK 33.9986 -85.1721 G found 

159 1320 GA SMARR ENERGY 
CENTER 

Oglethorpe Power 
Corp  Southern Co 

Services Inc/PCA MONROE 33.0253 -83.9178 G found 

160 1322 GA SOWEGA POWER LLC The PIC Energy Group 
Inc  Southern Co 

Services Inc/PCA MITCHELL 31.2603 -84.2531 G found 

161 1339 GA WEST GEORGIA 
GENERATING CO General Electric Co 

General 
Electric 

Company 

Southern Co 
Services Inc/PCA UPSON 32.8416 -84.3282 G found 

163 1238 GA ATHENS REGIONAL 
MEDICAL CENTER 

Athens Regional 
Medical Center  Southern Co 

Services Inc/PCA CLARKE 33.9455 -83.3909 O found 

172 1289 GA MCMANUS Georgia Power Co 
Southern 
Company 

Inc 

Southern Co 
Services Inc/PCA GLYNN 31.2125 -81.5458 O found 

177 1321 GA SOUTH GEORGIA 
MEDICAL CENTER 

South Georgia 
Medical Center  Southern Co 

Services Inc/PCA LOWNDES 30.8281 -83.2531 O found 

181 1331 GA 
THIELE KAOLIN 

COMPANY 
SANDERSVILLE PLANT 

Thiele Kaolin Co  Southern Co 
Services Inc/PCA WASHINGTON 32.9989 -82.7924 O found 

182 1333 GA VALDOSTA WATER 
TREATMENT PLANT Valdosta City of  Southern Co 

Services Inc/PCA LOWNDES 30.8281 -83.2531 O found 

184 1343 GA 
YKK USA 

INCORPORATED 
CHESTNEY FACILITY 

YKK USA Inc  Southern Co 
Services Inc/PCA BIBB 32.8084 -83.6912 O found 

130 1262 GA DURANGO-GEORGIA 
PAPER CO 

Durango-Georgia 
Paper Co  Southern Co 

Services Inc/PCA CAMDEN 30.94 -81.6665 C  
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137 1301 GA PLANT CRISP Crisp County Power 
Comm  Southern Co 

Services Inc/PCA WORTH 31.5833 -83.8339 C  

138 1315 GA SAVANNAH SUGAR 
REFINERY 

Savannah 
Foods&Industries Inc  Southern Co 

Services Inc/PCA CHATHAM 31.9812 -81.1175 C  

140 1323 GA SP NEWSPRINT CO Southeast Paper Mfg 
Co Inc  Southern Co 

Services Inc/PCA LAURENS 32.4314 -82.9372 C  

142 1342 GA YATES Georgia Power Co 
Southern 
Company 

Inc 

Southern Co 
Services Inc/PCA COWETA 33.4631 -84.955 C  

145 1248 GA BOULEVARD Savannah Electric & 
Power Co 

Southern 
Company 

Inc 

Southern Co 
Services Inc/PCA CHATHAM 31.9812 -81.1175 G  

146 1258 GA DAHLBERG Georgia Power Co 
Southern 
Company 

Inc 

Southern Co 
Services Inc/PCA HOUSTON 32.4874 -83.6775 G  

147 1260 GA DERST BAKING CO Derst Baking Co  Southern Co 
Services Inc/PCA CHATHAM 31.9812 -81.1175 G  

148 1261 GA DOYLE GENERATING 
FACILITY 

Operational Energy 
Corporation  Southern Co 

Services Inc/PCA WALTON 33.7634 -83.7443 G  

150 1282 GA 
J M HUBER CORP 

ENGINEERED 
MINERALS DIV WRENS 

J M Huber  Southern Co 
Services Inc/PCA JEFFERSON 33.0372 -82.4554 G  

151 1284 GA JOHN HARMON GEN Fort Valley Utility 
Comm  Southern Co 

Services Inc/PCA PEACH 32.5801 -83.8593 G  

152 1290 GA MID GEORGIA COGEN Mid-Georgia Cogen 
LP  Southern Co 

Services Inc/PCA HOUSTON 32.4874 -83.6775 G  

153 1294 GA MPC GENERATING Progress Ventures Progress 
Energy 

Southern Co 
Services Inc/PCA WALTON 33.7634 -83.7442 G  

157 1311 GA ROBINS Georgia Power Co 
Southern 
Company 

Inc 

Southern Co 
Services Inc/PCA HOUSTON 32.4874 -83.6775 G  

162 1237 GA AT&T ALPHARETTA 
CENTER Dave P Hulse  Southern Co 

Services Inc/PCA FULTON 33.8443 -84.4094 O  

164 1240 GA ATLANTA GIFT MART 
LP Walter Speir  Southern Co 

Services Inc/PCA FULTON 33.8443 -84.4094 O  

165 1244 GA BANK OF AMERICA 
PLAZA Cousins Properties Inc  Southern Co 

Services Inc/PCA FULTON 33.8443 -84.4094 O  

166 1256 GA CNN CENTER TBS Properties  Southern Co 
Services Inc/PCA FULTON 33.8443 -84.4094 O  

167 1257 GA COMPAQ COMPUTER Compaq Computer  Southern Co FULTON 33.8443 -84.4094 O  
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CORP Corp Services Inc/PCA 

168 1259 GA DEKALB MEDICAL 
CENTER 

Dekalb County 
Hospital Auth  Southern Co 

Services Inc/PCA DE KALB 33.7861 -84.187 O  

169 1268 GA GEORGIA PACIFIC 
CENTER Taylor & Mathis  Southern Co 

Services Inc/PCA FULTON 33.8443 -84.4094 O  

170 1276 GA 
IMERYS KAOLIN CO 

JEFFERSONVILLE 
PLANT 

Nord Kaolin Co  Southern Co 
Services Inc/PCA TWIGGS 32.6751 -83.4145 O  

171 1277 GA INFORUM Cousins Properties Inc  Southern Co 
Services Inc/PCA FULTON 33.8443 -84.4094 O  

173 1296 GA NAVAL SUBMARINE 
BASE  KINGS BAY  GA 

JA Jones Management 
Services  Southern Co 

Services Inc/PCA CAMDEN 30.94 -81.6665 O  

174 1310 GA RIVERWOOD 100 
BUILDING 

Clarien Realty 
Services  Southern Co 

Services Inc/PCA FULTON 33.8443 -84.4094 O  

175 1314 GA SAVANNAH RIVER MILL Georgia Pacific  Southern Co 
Services Inc/PCA EFFINGHAM 32.3486 -81.3364 O  

176 1318 GA SHEPHERD CENTER Shepherd Center  Southern Co 
Services Inc/PCA FULTON 33.8443 -84.4094 O  

178 1324 GA 
STATE FARM 

INSURANCE CO ISC 
EAST 

State Farm Mutual 
Auto Insur Co  Southern Co 

Services Inc/PCA FULTON 33.8443 -84.4094 O  

179 1326 GA SUN TRUST PLAZA Portman Mngment Co  Southern Co 
Services Inc/PCA FULTON 33.8443 -84.4094 O  

180 1330 GA THIELE KAOLIN CO 
REEDY CREEK PLANT Thiele Kaolin Co  Southern Co 

Services Inc/PCA JEFFERSON 33.0372 -82.4554 O  

183 1341 GA WILSON Georgia Power Co 
Southern 
Company 

Inc 

Southern Co 
Services Inc/PCA BURKE 33.0491 -81.9292 O  

185 1345 GA 191 PEACHTREE TOWER C H Management  Southern Co 
Services Inc/PCA FULTON 33.8443 -84.4094 O  

186 1346 GA 3200 WILDWOOD PLAZA Wildwood Associates  Southern Co 
Services Inc/PCA FULTON 33.8443 -84.4094 O  

380 2660 MS JACK WATSON Mississippi Power Co 
Southern 
Company 

Inc 

Southern Co 
Services Inc/PCA HARRISON 30.4392 -89.0264 C found 

381 2672 MS R D MORROW South Mississippi El 
Pwr Assn  South Mississippi 

El Pwr Assn/PCA LAMAR 31.2175 -89.3939 C found 

382 2677 MS VICTOR J DANIEL JR Mississippi Power Co 
Southern 
Company 

Inc 

Southern Co 
Services Inc/PCA JACKSON 30.5322 -88.5569 C found 
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384 2647 MS BAXTER WILSON Entergy Mississippi 
Inc 

Entergy 
Corporation 

Entergy Electric 
System/PCA WARREN 32.2831 -90.9306 G found 

388 2652 MS DELTA Entergy Mississippi 
Inc 

Entergy 
Corporation 

Entergy Electric 
System/PCA BOLIVAR 33.7947 -90.7139 G found 

392 2662 MS MISSCHEM NITROGEN 
LLC 

MissChem Nitrogen 
LLC  Entergy Electric 

System/PCA YAZOO 32.7588 -90.363 G found 

394 2665 MS MOSELLE South Mississippi El 
Pwr Assn  South Mississippi 

El Pwr Assn/PCA JONES 31.5292 -89.3 G found 

397 2669 MS NEW ALBANY POWER 
FACILITY 

New Albany Power I 
LLC  Tennessee Valley 

Authority/PCA UNION 34.4817 -88.9909 G found 

399 2673 MS REX BROWN Entergy Mississippi 
Inc 

Entergy 
Corporation 

Entergy Electric 
System/PCA HINDS 32.3564 -90.2125 G found 

405 2656 MS GERALD ANDRUS Entergy Mississippi 
Inc 

Entergy 
Corporation 

Entergy Electric 
System/PCA WASHINGTON 33.3503 -91.1181 O found 

379 2658 MS HENDERSON Greenwood Utilities 
Comm  Entergy Electric 

System/PCA LEFLORE 33.5305 -90.2775 C  

383 2646 MS BATESVILLE 
GENERATION FACILITY Cogentrix  Tennessee Valley 

Authority/PCA PANOLA 34.3567 -89.9618 G  

385 2648 MS BENNDALE South Mississippi El 
Pwr Assn  South Mississippi 

El Pwr Assn/PCA GEORGE 30.8665 -88.6488 G  

386 2649 MS CALEDONIA POWER 
FACILITY 

Caledonia Power I 
LLC  Tennessee Valley 

Authority/PCA LOWNDES 33.5162 -88.4603 G  

387 2650 MS CHEVRON OIL Mississippi Power Co 
Southern 
Company 

Inc 

Southern Co 
Services Inc/PCA JACKSON 30.5274 -88.6393 G  

389 2653 MS DISTRICT 70 TRANS GAS 
PIPE LINE CORP 

Transcontinental Gas 
Pipe Line  South Mississippi 

El Pwr Assn/PCA WALTHALL 31.1754 -90.0482 G  

390 2654 MS EATON Mississippi Power Co 
Southern 
Company 

Inc 

Southern Co 
Services Inc/PCA FORREST 31.1718 -89.295 G  

391 2655 MS ERGON REFINING 
VICKSBURG 

Ergon Refining 
Incorporated  Entergy Electric 

System/PCA WARREN 32.3598 -90.8394 G  

N 2663 MS MISSISSIPPI BAPTIST 
MEDICAL CENTER 

Mississippi Baptist 
Medical  Entergy Electric 

System/PCA HINDS 32.3111 -90.3968 G  

395 2666 MS MOSS POINT MILL International Paper Co  Southern Co 
Services Inc/PCA JACKSON 30.5274 -88.6393 G  

396 2667 MS NATCHEZ Entergy Mississippi 
Inc 

Entergy 
Corporation 

Entergy Electric 
System/PCA ADAMS 31.4705 -91.4046 G  

398 2670 MS PASCAGOULA FACILITY 
TG 4225 

ChevronTexaco 
Corporation  Southern Co 

Services Inc/PCA JACKSON 30.5274 -88.6393 G  
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400 2674 MS SWEATT Mississippi Power Co 
Southern 
Company 

Inc 

Southern Co 
Services Inc/PCA LAUDERDALE 32.4011 -88.6519 G  

401 2675 MS THIRD STREET Clarksdale City of  Entergy Electric 
System/PCA COAHOMA 34.2545 -90.6745 G  

402 2678 MS WILKINS Clarksdale City of  Entergy Electric 
System/PCA COAHOMA 34.2545 -90.6745 G  

403 2679 MS WRIGHT Greenwood Utilities 
Comm  Entergy Electric 

System/PCA LEFLORE 33.5305 -90.2775 G  

404 2680 MS YAZOO Public Serv Comm of 
Yazoo City  Entergy Electric 

System/PCA YAZOO 32.7588 -90.363 G  

406 2659 MS 
HIGH PRESSURE 

INDUSTRIAL WATER 
FACILITY 

Lockheed Martin 
Space Oper  Southern Co 

Services Inc/PCA HANCOCK 30.414 -89.5063 O  

407 2671 MS PAULDING South Mississippi El 
Pwr Assn  South Mississippi 

El Pwr Assn/PCA JASPER 32.0131 -89.1167 O  

1 149 AL BARRY Alabama Power Co 
Southern 
Company 

Inc 

Southern Co 
Services Inc/PCA MOBILE 31.0069 -88.0103 C found 

2 153 AL CHARLES R LOWMAN Alabama Electric 
Coop Inc  Alabama Electric 

Coop Inc/PCA WASHINGTON 31.4875 -87.9125 C found 

3 154 AL COLBERT Tennessee Valley 
Authority  Tennessee Valley 

Authority/PCA COLBERT 34.7439 -87.8486 C  

4 158 AL E C GASTON Alabama Power Co 
Southern 
Company 

Inc 

Southern Co 
Services Inc/PCA SHELBY 33.2442 -86.4567 C found 

5 161 AL GADSDEN Alabama Power Co 
Southern 
Company 

Inc 

Southern Co 
Services Inc/PCA ETOWAH 34.0136 -85.9703 C found 

6 164 AL GORGAS Alabama Power Co 
Southern 
Company 

Inc 

Southern Co 
Services Inc/PCA WALKER 33.5111 -87.235 C  

7 165 AL GREENE COUNTY Alabama Power Co 
Southern 
Company 

Inc 

Southern Co 
Services Inc/PCA GREENE 32.6 -87.7667 C found 

8 172 AL JAMES H MILLER JR Alabama Power Co 
Southern 
Company 

Inc 

Southern Co 
Services Inc/PCA JEFFERSON 33.6319 -87.0597 C  

9 198 AL U S  ALLIANCE COOSA 
PINES U S Alliance Corp  Southern Co 

Services Inc/PCA TALLADEGA 33.3912 -86.1476 C  

DE-FC26-03NT41980

SECARB Deliverables Appendix Document
Volume I

Page 88 of 548



   
 

Diagnostic Instrumentation and Analysis Laboratory Final Report,  
Subcontract SSEB-NT41980-997-DIAL-2003-01  

 

79

ID SEQ STATE NAME OPERATOR NAME OWNER 
NAME PCA NAME COUNTY LAT LON TYPE VERIFY 

10 205 AL WIDOWS CREEK Tennessee Valley 
Authority  Tennessee Valley 

Authority/PCA JACKSON 34.8825 -85.7547 C found 

11 150 AL BIG ESCAMBIA CREEK 
TREATING FACILITY Exxon Mobil  Alabama Electric 

Coop Inc/PCA ESCAMBIA 31.1279 -87.1521 G  

12 151 AL 
BOISE CASADE 

PULP&PAPER MILL 
JACKSON ALABAMA 

Boise Cascade 
Corporation  Southern Co 

Services Inc/PCA CLARKE 31.5915 -87.8198 G  

13 156 AL CRESTWOOD CORP  
DOTHAN Ronnie Broadway  Southern Co 

Services Inc/PCA HOUSTON 31.1558 -85.355 G  

14 157 AL DISTRICT 100 TRANS 
GAS PIPE LINE CORP 

Transcontinental Gas 
Pipe Line  Southern Co 

Services Inc/PCA AUTAUGA 32.5245 -86.6642 G found 

15 159 AL FAIRFIELD WORKS P M Allbritton  Southern Co 
Services Inc/PCA JEFFERSON 33.5443 -86.9025 G found 

16 163 AL GENERAL ELEC 
PLASTIC Alabama Power Co 

Southern 
Company 

Inc 

Southern Co 
Services Inc/PCA LOWNDES 32.1784 -86.6559 G  

17 181 AL MARY ANN GAS PLANT Exxon Mobil  Southern Co 
Services Inc/PCA MOBILE 30.7449 -88.1865 G found 

18 182 AL MCINTOSH Alabama Electric 
Coop Inc  Alabama Electric 

Coop Inc/PCA WASHINGTON 31.4067 -88.1903 G  

19 183 AL MCWILLIAMS Alabama Electric 
Coop Inc  Alabama Electric 

Coop Inc/PCA COVINGTON 31.4097 -86.3731 G  

20 187 AL MOBILE BAY ONSHORE 
TREATING FACILITY Exxon Mobil  Southern Co 

Services Inc/PCA MOBILE 30.7449 -88.1865 G found 

21 188 AL MOBILE ENERGY 
SERVICES CO LLC Exxon Mobil  Southern Co 

Services Inc/PCA MOBILE 30.7449 -88.1865 G found 

22 193 AL 
SHELL OFFSHORE INC 

YELLOWHAMMER 
PLANT 

Shell  Southern Co 
Services Inc/PCA MOBILE 30.7449 -88.1865 G  

23 196 AL 

SO EASTERN ELECTRIC 
DEVELOPMENT CORP 

LEE COUNTY AL 
FACILITY 

Energy Services Inc  Southern Co 
Services Inc/PCA LEE 32.5781 -85.349 G found 

24 199 AL UNOCALS CHUNCHULA 
PLANT 1 

Union Oil Co of 
California  Southern Co 

Services Inc/PCA MOBILE 30.7449 -88.1865 G  

25 201 AL WASHINGTON COUNTY Alabama Power Co 
Southern 
Company 

Inc 

Southern Co 
Services Inc/PCA WASHINGTON 31.4067 -88.1903 G  

215 1934 LA BIG CAJUN 2 NRG Energy Xcel Energy 
Inc 

Entergy Electric 
System/PCA POINTE COUPEE 30.7283 -91.3686 C found 
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216 1947 LA DOLET HILLS CLECO Power LLC CLECO 
Corporation 

CLECO 
Corporation/PCA DE SOTO 32.0308 -93.5644 C found 

217 1993 LA R S NELSON Entergy Gulf States 
Inc 

Entergy 
Corporation 

Entergy Electric 
System/PCA CALCASIEU 30.2861 -93.2917 C found 

218 1996 LA RODEMACHER Lafayette City of  
Lafayette (LA) 

Utilities 
System/PCA 

LAFAYETTE 30.21 -92.06 C found 

219 1997 LA RODEMACHER CLECO Power LLC CLECO 
Corporation 

CLECO 
Corporation/PCA RAPIDES 31.395 -92.7167 C found 

220 1926 LA A B PATERSON Entergy New Orleans 
Inc 

Entergy 
Corporation 

Entergy Electric 
System/PCA ORLEANS 30.0158 -90.0258 G found 

221 1929 LA ARSENAL HILL Southwestern Electric 
Power Co 

American 
Electric 

Power Co 
Inc 

American Electric 
Power - West 
(SPP)/PCA 

CADDO 32.5181 -93.7611 G found 

222 1930 LA BATON ROUGE COGEN Exxon Mobil  Entergy Electric 
System/PCA 

EAST BATON 
ROUGE 30.5162 -91.075 G found 

223 1931 LA BATON ROUGE PLANT DSM Copolymer  Entergy Electric 
System/PCA 

EAST BATON 
ROUGE 30.5162 -91.075 G found 

224 1932 LA BATON ROUGE 
TURBINE GENERATOR Exxon Mobil  Entergy Electric 

System/PCA 
EAST BATON 

ROUGE 30.5162 -91.075 G found 

225 1933 LA BIG CAJUN 1 NRG Energy Xcel Energy 
Inc 

Entergy Electric 
System/PCA POINTE COUPEE 30.6758 -91.3136 G found 

226 1935 LA BLUE WATER GAS 
PLANT Exxon Mobil  Entergy Electric 

System/PCA IBERIA 29.9283 -91.8127 G  

227 1936 LA BONIN Lafayette City of  
Lafayette (LA) 

Utilities 
System/PCA 

LAFAYETTE 30.2375 -92.0461 G found 

228 1937 LA BORDEN CHEMICALS 
PLASTICS Borden Chemical Co  Entergy Electric 

System/PCA ASCENSION 30.2038 -90.8693 G found 

229 1938 LA BURAS Entergy Louisiana Inc Entergy 
Corporation 

Entergy Electric 
System/PCA PLAQUEMINES 29.432 -89.5439 G found 

230 1939 LA CA II (CHLOR ALKALI II) Dow Chemical  Entergy Electric 
System/PCA IBERVILLE 30.2614 -91.361 G found 

231 1940 LA CALCASIEU POWER LLC Dynegy Generation Dynegy Inc Entergy Electric 
System/PCA CALCASIEU 30.2205 -93.3731 G found 

232 1942 LA CII CARBON LLC CII Carbon LLC  Entergy Electric 
System/PCA ST BERNARD 29.8954 -89.5968 G  

233 1944 LA COLONIAL SUGAR 
REFINERY Imperial Co  Entergy Electric 

System/PCA ST JAMES 30.0276 -90.8027 G found 
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234 1946 LA DG HUNTER Alexandria City of  CLECO 
Corporation/PCA RAPIDES 31.3208 -92.4619 G found 

235 1948 LA DOMINO SUGAR ARABI 
PLANT 

Tate & Lyle North Am 
Sugar Inc  Entergy Electric 

System/PCA ST BERNARD 29.8954 -89.5968 G  

236 1949 LA EVANGELINE POWER 
STATION CLECO NUGs CLECO 

Corporation 
CLECO 

Corporation/PCA EVANGELINE 30.8756 -92.2608 G found 

237 1950 LA FORMOSA PLASTICS 
CORP Formosa Plastics Corp  Entergy Electric 

System/PCA 
EAST BATON 

ROUGE 30.5162 -91.075 G  

238 1951 LA FRANKLIN CLECO Power LLC CLECO 
Corporation 

CLECO 
Corporation/PCA ST MARY 29.7151 -91.479 G found 

239 1952 LA GARDEN CITY GAS 
PLANT Exxon Mobil  CLECO 

Corporation/PCA ST MARY 29.7151 -91.479 G  

240 1954 LA GEISMAR BASF  Entergy Electric 
System/PCA ASCENSION 30.2038 -90.8693 G found 

241 1955 LA GEISMAR PLANT Vulcan Materials Co  Entergy Electric 
System/PCA ASCENSION 30.2038 -90.8693 G  

242 1956 LA 
GEORGIA GULF 
CORPORATION 

PLAQUEMINE DIVISION 
Georgia Gulf Corp  Entergy Electric 

System/PCA IBERVILLE 30.2614 -91.361 G found 

243 1957 LA GRAND CHENIER GAS 
PROCESSING PLANT 

Elkhorn Operating 
Company  Entergy Electric 

System/PCA CAMERON 29.8155 -93.254 G found 

244 1958 LA GRAND ISLE GAS 
PLANT Exxon Mobil  Entergy Electric 

System/PCA JEFFERSON 29.696 -90.0923 G found 

245 1960 LA HOUMA Terrebonne Parish 
Consol Gov't  

Louisiana Energy 
& Power 

Auth/PCA 
TERREBONNE 29.43 -90.84 G  

246 1963 LA KAISER ALUMINUM 
Kaiser 

Aluminum&Chemical 
Corp 

 Entergy Electric 
System/PCA ST JAMES 30.0276 -90.8027 G found 

247 1964 LA LIEBERMAN Southwestern Electric 
Power Co 

American 
Electric 

Power Co 
Inc 

American Electric 
Power - West 
(SPP)/PCA 

CADDO 32.7047 -93.9594 G found 

248 1965 LA LITTLE GYPSY Entergy Louisiana Inc Entergy 
Corporation 

Entergy Electric 
System/PCA ST CHARLES 30.0033 -90.4611 G found 

249 1967 LA 
LOUISIANA TECH 

UNIVERSITY POWER 
PLANT 

Louisiana Tech 
University  Entergy Electric 

System/PCA LINCOLN 32.6063 -92.6478 G found 

250 1968 LA LOUISIANA 1 Entergy Gulf States 
Inc 

Entergy 
Corporation 

Entergy Electric 
System/PCA 

EAST BATON 
ROUGE 30.4903 -91.1875 G found 
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251 1969 LA LOUISIANA 2 Entergy Gulf States 
Inc 

Entergy 
Corporation 

Entergy Electric 
System/PCA 

EAST BATON 
ROUGE 30.5162 -91.075 G found 

252 1972 LA MICHOUD Entergy New Orleans 
Inc 

Entergy 
Corporation 

Entergy Electric 
System/PCA ORLEANS 30.0081 -89.9372 G found 

253 1973 LA MINDEN Minden City of  
Louisiana Energy 

& Power 
Auth/PCA 

WEBSTER 32.72 -93.34 G  

254 1974 LA MONROE Entergy Louisiana Inc Entergy 
Corporation 

Entergy Electric 
System/PCA OUACHITA 32.4996 -92.1641 G found 

255 1975 LA MORGAN CITY Morgan City City of  
Louisiana Energy 

& Power 
Auth/PCA 

ST MARY 29.72 -91.44 G  

256 1976 LA NATCHITOCHES Natchitoches City of  
Lafayette (LA) 

Utilities 
System/PCA 

NATCHITOCHES 31.73 -93.09 G found 

257 1978 LA NEW ORLEANS Air Products  Entergy Electric 
System/PCA ORLEANS 30.0324 -89.8748 G found 

258 1979 LA NEW ROADS New Roads City of  
Louisiana Energy 

& Power 
Auth/PCA 

POINTE COUPEE 30.7509 -91.392 G found 

259 1980 LA NINEMILE POINT Entergy Louisiana Inc Entergy 
Corporation 

Entergy Electric 
System/PCA JEFFERSON 29.9472 -90.1458 G found 

260 1981 LA NRG STERLINGTON 
POWER LLC NRG Energy Xcel Energy 

Inc 
Entergy Electric 

System/PCA OUACHITA 32.4996 -92.1641 G  

261 1982 LA PCS NITROGEN 
FERTILIZER LP PCS Fertilizer  Entergy Electric 

System/PCA ASCENSION 30.2038 -90.8693 G found 

262 1986 LA PLAQUEMINE Plaquemine City of  
Louisiana Energy 

& Power 
Auth/PCA 

IBERVILLE 30.26 -91.36 G  

263 1987 LA PORT ALLEN FACILITY Placid Refining Co 
LLC  Entergy Electric 

System/PCA 
WEST BATON 

ROUGE 30.4901 -91.3135 G found 

264 1989 LA POWER AND UTILITIES Dow Chemical  Entergy Electric 
System/PCA IBERVILLE 30.2614 -91.361 G  

265 1990 LA POWERHOUSE A PPG Industries Inc  Entergy Electric 
System/PCA CALCASIEU 30.2205 -93.3731 G  

266 1991 LA PPG  POWERHOUSE C PPG Industries Inc  Entergy Electric 
System/PCA CALCASIEU 30.2205 -93.3731 G  

267 1992 LA PPG  RIVERSIDE PPG Industries Inc  Entergy Electric 
System/PCA CALCASIEU 30.2205 -93.3731 G  

268 1994 LA RELIANT ENERGY Reliant Resources  American Electric BOSSIER 32.6279 -93.5978 G  
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FIELD SERVICES Power - West 
(SPP)/PCA 

269 1998 LA RUSTON Ruston City of  Entergy Electric 
System/PCA LINCOLN 32.61 -92.66 G  

270 2000 LA ST CHARLES 
OPERATIONS Browns Propane  Entergy Electric 

System/PCA ST CHARLES 29.961 -90.3756 G found 

271 2002 LA STERLINGTON Entergy Louisiana Inc Entergy 
Corporation 

Entergy Electric 
System/PCA OUACHITA 32.7047 -92.0792 G found 

272 2003 LA STINGRAY FACILITY Dynegy Generation Dynegy Inc 
Louisiana 

Generating 
LLC/PCA 

CAMERON 29.8155 -93.254 G  

273 2004 LA TECHE CLECO Power LLC CLECO 
Corporation 

CLECO 
Corporation/PCA ST MARY 29.8222 -91.5417 G found 

274 2005 LA TOCA PLANT Western Gas 
Resources  Entergy Electric 

System/PCA ST BERNARD 29.8954 -89.5968 G  

275 2006 LA WATERFORD 1 & 2 Entergy Louisiana Inc Entergy 
Corporation 

Entergy Electric 
System/PCA ST CHARLES 29.9778 -90.475 G found 

276 2008 LA WILLOW GLEN Entergy Gulf States 
Inc 

Entergy 
Corporation 

Entergy Electric 
System/PCA IBERVILLE 30.2742 -91.1333 G found 

277 1977 LA NELSON INDUSTRIAL 
STEAM CO 

Entergy Gulf States 
Inc 

Entergy 
Corporation 

Entergy Electric 
System/PCA CALCASIEU 30.2205 -93.3731 O found 
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May 3, 2004 

 
CO2 Sources for the SE Regional Carbon Sequestration Partnership 
 
This report summarizes the CO2 source database that has been created for the SERCSP 
GIS Project.  The database contains the location and capacities of the major stationary 
sources of CO2

 in the study area, which includes the SERCSP member states plus 
Virginia and eastern Texas (defined by RRC districts 1-6). It also includes annual CO2 
emissions, based on relevant emission factors for each source category.  CO2 emissions 
from power plants was given directly from the USEPA eGRID database. 
 
The database contains the following eight major stationary source categories: 
 

• Power plants 
• Gas processing facilities 
• Refineries 
• Ammonia plants 

• Ethylene plants 
• Ethylene oxide plants 
• Iron & steel plants 
• Cement plants 

 
The database developed by ECOFYS for the IEA GHG program had been used as a 
preliminary dataset. The work outlined in this report updated and replaced sections of this 
preliminary database with data sources that were more current and of higher detail and 
accuracy than the data contained in the ECOFYS database.  Where possible, the datasets 
were updated to include more recent capacity information, changes in plant capacities, as 
well as accounting for closed and new facilities.  
 
Data Sources for Facility Capacities 
 
New data sources were used for refineries, cement plants and ammonia plants.  Updated 
data was used for gas processing facilities. No changes were made to the data sources of 
iron and steel, ethylene and ethylene oxide plants because the ECOFYS database already 
contained the most recent and accurate datasets available for these sources. 
 
The ECOFYS database was used to determine the location of the vast majority of 
stationary sources in the study area.  The USGS Geographical Names Information 
System database (GNIS) was used to determine coordinates of facilities that were not 
located in the ECOFYS database. 
 
A summary of the data for each stationary source category is summarized in Table 1, and 
in the sections following the table. 
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Table 1 Data Sources  
Category Data Source Details 
Power 
plants 

US Environmental Protection Agency 
 eGRID Database (2002) 
http://www.epa.gov/cleanenergy/egrid/index.htm 
 

-Best data source identified 
-Plants located 
-CO2 emissions estimated 
-Database to be updated when 2004 data 
released (expected summer 2005) 

Refineries US Department of Energy – Energy Information 
Administration  (2004) 
http://www.eia.doe.gov/oil_gas/petroleum/data_pu
blications/refinery_capacity_data/refcapacity.html 

-Best data source identified 
-Plants located  
-Plant capacities estimated 

Gas 
processing 
facilities 

Oil and Gas Journal Worldwide Gas Processing 
Survey (2003) 
http://orc.pennnet.com/surveys/aboutsurveys.cfm 
USGS Organic Geochemistry Database  
http://energy.cr.usgs.gov/prov/og/ 
 (well CO2 levels) 

-Best data sources identified for gas 
processing capacity and well CO2 levels 
-Processing capacities of plants 
estimated 

Ammonia 
plants 

International Fertilizer Development Center 
Report  “North American Fertilizer Capacity” 
(October, 2004) 

-Best data source identified 
-Plants located  
-Plant capacities estimated 

Ethylene 
plants 

Oil and Gas Journal Ethylene Report (2001) -Best data source identified 
-Plants located  
-Plant capacities estimated 

Ethylene 
oxide 
plants 

ChemWeek (2001) -Best data source identified 
-Plants located  
-Plant capacities estimated 

Iron and 
steel plants 

SteelEye Survey (2001) -Best data source identified 
-Plants located  
-Plant capacities estimated 

Cement 
plants 

Portland Cement Association, "Portland Cement 
Association 2002. U.S. and Canadian Portland 
Cement Industry: Plant Information Summary”  

-Best data source identified 
-Plants located  
-Plant capacities estimated 

 
 
CO2 Emission Factors 
 
The data sources in Table 1, except for the eGRID database provide production capacity 
numbers and do not provide information on CO2 emission rates.  In order to convert these 
capacity numbers to CO2 emission rates, emission factors for each of the source 
categories were identified.  These are outlined in Table 2. 
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Table 2 CO2 Emission Factors 

Category Emission 
Factor Units Source 

Power  n/a n/a CO2 emissions explicitly given in 
eGRID database 

Ammonia 1.13 kg CO2/kg 
Ammonia 

IFDC 

Ethylene 2.43 kg CO2/kg 
Ethylene 

ECOFYS 

Ethylene 
Oxide 0.51 kg CO2/kg 

Ethylene Oxide 
ECOFYS 

Cement 0.75 kg CO2/kg Clinker 
Hanle (USEPA), CO2 Emissions 
Profile of the US Cement Industry", 
2004 

Gas 
Processing 608 tCO2/mmcfd/yr ECOFYS, based on 4% average inlet 

gas CO2 concentration 
Iron and 

Steel 0.1468 kg CO2/kg Steel USEPA "Direct Emissions from Iron 
and Steel Production", 2002 

Refineries 9.9 tCO2/BPD/yr 

ExxonMobil "Report on Energy 
Trends, Greenhouse Gas Emissions and 
Alternative Energy" Report, 2004 - 
company-wide average refinery 
emission rate 

 
It is important to note that the CO2 emissions estimated from applying these emission 
factors are very approximate, and should be used to compare the relative scale of 
emissions, and not as an accurate estimate of actual emissions.
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Summary of Source Categories 
 
Power Plants 
 
The database uses 2002 US EPA eGRID data for refinery capacities, locations, and CO2 
emission rates.  The CO2 emissions were directly reported, and no emission factors were 
used to calculate total emissions. 
 
 The US EPA updates the eGRID database every 2 years; the last update (with 2000 data) 
was released May 2003.  This data source is the best available for this category, and the 
database will be updated to 2004 data when available (expected in late summer 2005). 
Table 3 summarizes the power plants in the study area. 
 
 
Table 3 Power Generation Capacity and CO2 Emissions by Fuel, State in  

SERCSP Study Area (year 2000) 

*For eastern portion of Texas in SERCSP 
 
Figure 1 shows the geographical distribution and relative CO2 emissions for fossil-fuelled 
power plants in the SERCSP region. 
 

Gas Oil Coal 

State Number 
Capacity 

(MW) 

CO2 
Emissions 

(Mt) Number 
Capacity 

(MW) 

CO2 
Emissions 

(Mt) Number 
Capacity 

(MW) 

CO2 
Emissions 

(Mt) 
AL 15 1,030 1.9 0 0 0.0 10 14,904 88 
AR 12 2,637 3.4 1 8 0.0 3 3,911 29 
FL 42 10,045 12.4 23 15,218 31.4 13 12,732 74 
GA 19 4,501 2.0 25 1,205 1.1 16 15,804 84 
LA 54 14,795 31.1 0 0 0.0 4 3,360 18 
MS 22 4,621 6.6 3 807 2.5 4 2,498 16 
NC 7 3,747 1.2 12 118 0.0 29 14,548 78 
SC 8 2,029 0.5 3 246 0.0 14 7,637 41 
TN 5 1,132 0.3 0 0 0.0 13 12,990 65 
TX* 126 47,793 89.6 1 11 0.0 17 19,197 143 
VA 12 3,781 1.6 13 435 0.1 21 6,855 37 

Total 322 96,110 151 81 18,048 35 144 114,435 671 

DE-FC26-03NT41980

SECARB Deliverables Appendix Document
Volume I

Page 102 of 548



CO2 Sources for the SERCSP GIS Project   May 3, 2004 
  p.7 

Figure 2 Fossil-Fuelled Power Plants in the SERCSP Region 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Refineries 
 
The online database of the Energy Information Agency (EIA) of the US Department of 
Energy was used to revise capacity estimates of refineries in the study area.  The 
ECOFYS database was used for plant locations, with the USGS Geographical Names 
Information System (GNIS) used to verify and update the location of new facilities.  
 
 

CO2 Emissions (kt/yr)
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Table 3 Refinery Capacity and CO2 Emissions for Refineries 

State Number 
Capacity 

(1000 barrels / stream day) 
CO2 Emissions 

(kt/year) 
AL 3 130 1,289 
AR 2 97 955 
FL 0 0 0 
GA 1 34 332 
LA 16 2,452 24,275 
MS 1 227 2,242 
NC 0 0 0.0 
SC 0 0 0.0 
TN 1 120 1,188 
TX 16 3,002 29,719 
VA 1 250 2,475 

Total 41 6,311 62,475 
*For eastern portion of Texas in SERCSP 
 
 
Gas Processing Facilities 
 
The database for gas processing facilities was updated with data from the 2003 Oil and 
Gas Journal Gas Processing survey.  This database was cross-referenced with the 
ECOFYS database to determine the locations of facilities. In addition, the USGS GNIS 
databasewas used to locate facilities not included in the ECOFYS database.   
 
The CO2 emission rate from gas processing facilities is highly dependent on the 
percentage of CO2 in the gas being processed by each facility.  In order to estimate these 
emissions, the USGS organic geochemistry database has been obtained. This database 
contains the CO2 concentrations of gas wells in the study area.  Current work is focusing 
on linking the wells in this database with each gas processing facilities.  This will provide 
a better basis to estimate the CO2 emissions of each gas processing facility. 
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Table 4 Gas Processing Capacity and CO2 Emissions Estimates 

State Number 
Capacity 

(MMCFD/year) 
CO2 Emissions  

(kt/year) 
AL 9 766 466 
AR 2 872 531 
FL 1 90 55 
GA 0 0 0 
LA 47 10,015 6,092 
MS 9 1,876 1,141 
NC 0 0 0 
SC 0 0 0 
TN 0 0 0 
TX* 96 12,455 7,577 
VA 0 0 0 

Total 164 26,074 15,862 
*For eastern portion of Texas in SERCSP 
 
 
Ammonia Plants 
 
The ammonia plant database was updated with the latest available numbers from the 
International Fertilizer Development Commission (IFDC).  The most recent numbers 
were released in October 2004. This database was cross-referenced with the ECOFYS 
database to determine the locations of facilities. In addition, the USGS GNIS database 
was used to locate facilities not included in the ECOFYS database. 
 
Table 5 Ammonia Plant Capacity and CO2 Emissions Estimates by State in  

SERCP Region 

State Number Capacity (kt/year) 
CO2 Emissions 

Estimate (kt/year) 
AL 1 193 218.1 
AR 1 467 527.7 
FL 1 86 97.2 
GA 1 758 856.5 
LA 8 5605 6333.7 
MS 0 0 0.0 
NC 0 0 0.0 
SC 0 0 0.0 
TN 1 409 462.2 
TX* 1 255 288.2 
VA 1 584 659.9 

Total 15 8357 9443 
*For eastern portion of Texas in SERCSP 
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Cement Plants 
 
The cement plant database was revised with new data from the Portland Cement Industry 
Association. The most recent database (December 2001) was used.  This database was 
cross-referenced with the ECOFYS database to determine the locations of facilities. In 
addition, the USGS GNIS database was used to locate facilities not included in the 
ECOFYS database. 
 
Table 6 Cement Plant Capacity and CO2 Emissions Estimates by State in  

SERCSP Region 
 

State number Capacity (kt/year) 
CO2 Emissions 

(kt/year) 
AL 5 5,308 3,981 
AR 1 803 602 
FL 4 3,158 2,369 
GA 2 1,355 1,016 
LA 0 0 0 
MS 1 419 314 
NC 0 0 0 
SC 3 2,725 2,044 
TN 2 1,436 1,077 
TX* 9 9,917 7,438 
VA 1 1,120 840 

Total 28 26,241 19,681 
*For eastern portion of Texas in SERCSP 
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Iron and Steel, Ethylene and Ethylene Oxide Plants 
 
The ECOFYS database contained the most detailed, recently available datasets for these 
sources. No changes were made to these databases. 
 
Table 7 Iron and Steel Plants Capacity and Emissions Estimate by State in  

SERCSP Region 

State Number Capacity (kt/year) 
CO2 Emissions 

(kt/year) 
AL 5 3,739 549 
AR 4 2,115 310 
FL 1 356 52 
GA 1 712 105 
LA 1 712 105 
MS 2 401 59 
NC 3 890 131 
SC 4 2,992 439 
TN 3 1,602 235 
TX* 6 2,271 333 
VA 2 1,647 242 

Total 32 17,437 2,560 
*For eastern portion of Texas in SERCSP 
 
 
Table 8 Ethylene Plants Capacity and Emissions Estimate by State in  

SERCSP Region 
 

State number Capacity (kt/year) 
CO2 Emissions 

(kt/year) 
AL 0 0 0 
AR 0 0 0 
FL 0 0 0 
GA 0 0 0 
LA 5 3,547 8,619 
MS 0 0 0 
NC 0 0 0 
SC 0 0 0 
TN 0 0 0 
TX* 19 16,870 40,994 
VA 0 0 0 

Total 24 20,417 49,613 
*For eastern portion of Texas in SERCSP 
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Table 9 Ethylene Oxide Plants Capacity and Emissions Estimate by State in  
SERCSP Region 

 
State Number Capacity (kt/year) CO2 Emissions (kt/year) 
AL 0 0 0 
AR 0 0 0 
FL 0 0 0 
GA 0 0 0 
LA 4 1,730 882 
MS 0 0 0 
NC 0 0 0 
SC 0 0 0 
TN 0 0 0 
TX* 7 2,255 1,150 
VA 0 0 0 

Total 11 3,985 2,032 
*For eastern portion of Texas in SERCSP 
 
 
Figure 3 Non-Power Stationary CO2 Sources in the SERCSP Region 
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Requirements” 
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DISCLAIMER 
 
This report was prepared as an account of work sponsored by an agency of the United 
States Government.  Neither the United States Government nor any agency thereof, nor 
any of their employees, makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would 
not infringe privately owned rights.  Reference herein to any specific commercial 
product, process, or service by trade name, trademark, manufacturer, or otherwise does 
not necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof.  The views and opinions of the 
authors expressed herein do not necessarily state or reflect those of the United States 
Government or any agency thereof. 
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  Regulatory, Permitting, and Safety Frameworks 
 
 Initial regulatory, permitting, and safety frameworks issues focused on two key 
areas – geologic sequestration and terrestrial sequestration issues.  Activities in both 
areas are discussed below. 
  
  1. Geologic Sequestration 
 
 As terrestrial sequestration activities have been initiated and are beginning to 
emerge as a standard bearer for GHG emissions management projects, the relatively 
less well-known and less practiced domain of geologic carbon sequestration merits 
substantially more examination and analysis at this time to ensure that appropriate 
regulatory, permitting, and accounting frameworks emerge around the arena.  To 
support this effort, USDOE NETL has provided funding support to the above-referenced 
the IOGCC Task Force, which was formed by IOGCC with funding support from USDOE 
and empowered with two primary objectives: 
 

• Examine the technical, policy, and regulatory issues related to safe and 
effective storage of CO2 in the subsurface (oil and natural gas fields, coal-
beds and saline formations), whether for enhanced hydrocarbon recovery 
or long-term storage; and 

• Produce of a final report containing (a) an assessment of the current 
regulatory framework likely applicable to geologic CO2 sequestration, and 
(2) recommended regulatory guidelines and guidance documents.  The 
Final Report and the documents contained therein will lay the essential 
groundwork for a state-regulated, but nationally consistent, system for 
geologic sequestration of CO2 in conformance with national and 
international law.1 

 
 Per direction of USDOE, Augusta Systems, on behalf of SECARB, has worked to 
support the IOGCC effort through idea generation, analysis, drafting, and technical 
editing, and, when possible, worked to adopt its anticipated recommendations.  Thus, in 
many instances, this report will cite the IOGCC Task Force’s draft report as it potentially 
provides a common platform for geologic sequestration regulatory, permitting, and safety 
frameworks. 
 
 In an examination of geologic sequestration both under SECARB and the IOGCC 
effort, a clear question emerged regarding the future regulatory, permitting, and safety 
frameworks – How linked will geologic sequestration regulatory, permitting, and safety 
frameworks, especially with reference to the injection and long-term storage activities, be 
to the Federal Safe Drinking Water Act (SDWA) Underground Injection Control (UIC) 
program?  More specifically, there are four sub-level questions: 
 

• Will CO2 be defined as a commodity, waste, or pollutant under Federal, 
state, or Federal and state laws and regulations, including UIC 
regulations? 

• Will geologic carbon sequestration injection and storage activities be 
wholly subject to existing UIC regulations? 

                                                 
1 Interstate Oil and Gas Compact Commission Geological CO2 Sequestration Task Force, Draft Report, 
October 2004. 
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• Will new UIC classes or definitions emerge to facilitate geologic 
sequestration injection and storage activities? 

• Will long-term geologic sequestration projects without enhanced 
hydrocarbon recovery components be subject to UIC at all? 

 
 Clearly, SECARB and even the IOGCC Task Force do not hold the final authority 
on this matter, or else the conclusions of this report could be more concrete.  With the 
USEPA holding authority for UIC rules, regulations, and interpretations, it seems that the 
USEPA will be ultimate arbiter of these matters.  To assist in defining the options for the 
SECARB region, and perhaps the nation, however, SECARB has produced this 
examination.  A brief overview of the present regulatory, permitting, and safety 
environment for potential geologic sequestration activities follows.  
 
   a. Natural Analogues 
 
 It has been suggested that four analogues exist for regulatory guidance 
regarding geologic carbon sequestration – naturally occurring CO2 contained in geologic 
formations; CO2 enhanced oil recovery (EOR) operations, storage of natural gas in 
geologic formations, and the injection of hydrogen sulfide (H2S) into underground 
formations.2  In some states, and more specifically states with hydrocarbon production 
and/or storage activities, there is a rich legacy of regulatory, permitting, and safety 
regimes in place that would assist in wide-scale deployment of geologic carbon 
sequestration approaches and technologies.3 
 
 Of these analogues, perhaps the most significant are those of the naturally 
occurring CO2, which shows the capabilities of geologic formations to retain vast 
quantities of CO2 over time, and the EOR operations, which demonstrate the safe and 
well-regulated transport and injection of CO2 into geologic formations. 
 
 Although CO2 is a non-hazardous gas at normal atmospheric conditions, CO2 
can exist in three forms: 
 

• As the above-referenced gaseous state; 
• As a supercritical fluid that has physical properties between a liquid and a 

gas at pressures greater than 1073 pounds per square inch (psi) at less 
than 87.7 degrees Fahrenheit; and, 

• As a solid form most commonly referred to as dry ice, at temperatures 
below 109 degrees Fahrenheit.4 

 
Given a situation in which normal geologic pressure and temperatures would 

exist, it has been assumed that deep injection of CO2 (i.e. greater than 2,500 feet below 
the surface) would result in the CO2 existing as a supercritical fluid.  In other instances 
related to geologic sequestration (i.e. capture, transport, injection, and shallow storage, if 
ever), it is likely that CO2 would be in a gaseous form.  Thus, geologic sequestration 

                                                 
2 Interstate Oil and Gas Compact Commission Geological CO2 Sequestration Task Force, Draft Report, 
October 2004. 
3 Interstate Oil and Gas Compact Commission Geological CO2 Sequestration Task Force, Draft Report, 
October 2004. 
4 Interstate Oil and Gas Compact Commission Geological CO2 Sequestration Task Force, Draft Report, 
October 2004. 
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regulatory, permitting, and safety frameworks would relate to the gaseous and 
supercritical fluid states. 
 
 Options for geologic sequestration abound, but the geologic sinks with the 
highest potential geologic carbon sequestration include deep unmineable coal seams, 
depleted or nearly depleted sandstone/limestone oil and gas reserves, oil and gas 
bearing shales, active and abandoned storage fields, saline formations, salt 
caverns/beds, and hydrates.  Thus, the focus on regulatory, permitting, and safety 
analysis for geologic sequestration would be focused on these areas. 
 
   b. Examination of Regulatory, Permitting, and Safety Issues 
 
 More specifically, the regulatory, permitting, and safety framework analysis and 
action plan development would principally focus on four key areas: 
 

• Capture; 
• Transport; 
• Injection; and, 
• Storage.5 

 
   c. Capture 
 
 Capture of CO2 from anthropogenic, or man-made, sources is presently being 
performed in the SECARB region, and in some instances with processing activities to 
enhance purity, to feed EOR and enhanced gas recovery (EGR) projects and can be 
anticipated to increase in frequency as geologic sequestration becomes deployed on a 
more significant scale.  At present, the existing regulations are likely of limited utilization 
for future geologic sequestration, which will include elements of capture and separation 
of CO2 from flue gas streams and other point sources.  Thus, it would seem that the 
future of capture regulations will rely upon the answer to whether CO2 will be defined as 
a commodity, waste, or pollutant under Federal, state, or Federal and state laws and 
regulations, including UIC regulations. 
 
   d. Transport 
 
 The arena of CO2 transport is a little more complex today, but also more 
applicable to the future world of wide-scale geologic sequestration.  Transport of CO2 is 
currently conducted through pipelines, generally, and with the support of three primary 
mechanisms: 
 

• High pressure, or supercritical phase (i.e. above 1180 psi); 
• Lower pressure gas transmission; and, 
• Refrigerated liquid transmission (also commonly used for rail and truck 

transport). 
 

                                                 
5 These key areas of analysis have been selected both for reasons of sound regulatory analysis and 
practical considerations.  For reference, the IOGCC Task Force and the Carbon Sequestration Leadership 
Forum Legal, Regulatory, and Financial Issues Task Force have both selected similar breakdowns for their 
analysis efforts. 
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 The SECARB region is fortunate, and perhaps unique as compared to a number 
of other RCSPs, because the region already has a functioning CO2 transport 
infrastructure.  CO2 pipelines exist in Louisiana and Mississippi.  Denbury Resources, 
Inc. (Denbury), is selling CO2 commercially (primarily to the food and beverage industry), 
and currently seems to be expanding its supply.  Denbury may also be a major 
consumer of CO2 for enhanced oil recovery.  Several SECARB Technology Coalition 
Members and others in the SECARB region have publicly expressed interest in the use 
of CO2 for recovery of coal bed methane gas.  The latter two are particularly important in 
the region because of the extensive oil production along the Gulf Coast, and the coal 
beds in Mississippi, Alabama, and Tennessee.   

 
The CO2 infrastructure in the region includes pipelines and other transportation 

infrastructure, separation and purification capabilities, and a network of equipment 
suppliers.  These existing pipelines are regulated by the Office of Pipeline Safety (OPS) 
of the U.S. Department of Transportation (USDOT).6  U.S. states may also be involved in 
the regulatory process for these CO2 pipelines under partnership agreements with OPS.  
In most instances, regulatory responsibilities the smaller diameter gathering lines for the 
CO2 tend to fall to the states.  Moreover, rail and truck transportation tend to be 
regulated primarily by state entities. 
 
 While the existing SECARB infrastructure is robust, the opportunity to leverage 
this infrastructure may not be as significant.  Presently, the CO2 pipelines assets tend to 
be closely controlled, and without options for open access-based utilization. 
 
   e. Injection and Storage 
 
 Injection and storage, like transport, has a robust history, both in terms of 
practices and regulations, to rely upon for the future of sequestration.  Due to the fact 
that the regulatory, permitting, and safety frameworks for injection and storage will likely 
be linked closely, these two topic areas will be discussed together. 
 
 In terms of practices, the American Petroleum Institute (API), American Gas 
Association (AGA), and the American Society for Testing and Materials (ASTM) have 
established materials selection standards for well casing and down hole equipment, 
wellhead equipment, cement types and other relevant oilfield equipment and facilities 
that meet prevailing standards in states under UIC laws and regulations.  Logically, 
these established practices and industry standards would adequately address materials 
standards for geologic carbon sequestration. 
 
 While clarity may exist with regard to industry standards for well construction, 
maintenance, and operation, less agreement is found regarding the rules and 
regulations for the potential geologic sinks.  While present state regulations would 
generally permit injection of CO2 into depleted oil and natural gas reservoirs, for EOR, 
EGR, and enhanced coalbed methane (ECBM) purposes, and into deep saline 
formations, the treatment of salt cavern utilization is less consistent.  In fact, in some 
SECARB states, including Alabama, salt cavern storage would not be permitted by 
existing statutes. 
 

                                                 
6 49 C.F.R. 195. 
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 Although the USEPA has indicated that CO2 regulation is beyond its mandate 
under the Clean Air Act, the USEPA may play a significant role in voluntary GHG 
management programs as USEPA could have the primary authority for structuring 
geologic sequestration program requirements, and in some instances, applying them.  
This would be dependent upon whether geologic carbon sequestration is governed 
under the UIC Program of the SDWA.  Based upon the IOGCC Task Force 
recommendations and the general consensus of other interested parties, it seems that at 
a minimum the USEPA will play this role, at least with respect to geologic sequestration 
activities related to enhanced hydrocarbon recovery.  More details on the SDWA, the 
UIC Program, and their applicability to the arena of geologic sequestration follows. 
 
 The SDWA of 1974 requires that the USEPA determine the need for and to 
promulgate regulations sufficient to protect underground sources of drinking water 
(USDWs).  A USDW is any aquifer that contains a volume of water such that it is a 
present, or viable future, source for a public water system, contains water with less than 
10,000 parts per million total dissolved solids, and is not exempted.7  Section 1421 of the 
SDWA mandates that the USEPA establish rules for UIC programs, which apply to 
certain types of wells for which five classes exist as shown in Figure 1 below.8  Under 
SDWA Section 1423, states may, although need not, acquire primacy for enforcement.9  
The goal of the USEPA UIC Program is to protect public health through the protection of 
USDWs.10  USEPA estimates indicate that the nation’s most accessible freshwater is 
stored in geological formations, known as aquifers, which in many instances, USEPA 
estimates indicate that these resources are utilized to recharge 41 percent of streams 
and rivers and serve as resources for 89 percent of public water systems in the U.S.11  
Underground injection is the practice of placing fluids underground, in porous formations 
of rock, soils, or rock and soils, through wells. 
 

Figure 1.  Summary of UIC Well Class Applicability. 
UIC CLASS SUMMARIZED APPLICATION 

Class I 

Deep disposal of hazardous and non-hazardous fluids (including industrial and 
municipal wastes) beneath the lowermost USDW and are further regulated 
under the Resource, Conservation, and Recovery Act (RCRA) 

Class II 
Injection of brines and other fluids associated with oil and gas production, 
including crude oil (storage), drilling fluids, and drilling muds 

Class III 
Injection of fluids associated with solution mining of minerals with fresh water 
(salt), sodium bicarbonate (uranium), or steam (sulfur) 

Class IV 
Injection of hazardous or radioactive wastes into or above a USDW (which have 
been banned except as part of authorized clean up activities) 

Class V 

All underground injection not included in Classes I-IV, which generally inject 
non-hazardous fluids or above a USDW and are on-site disposal systems, such 
as storm water runoff, industrial wastewater, car wash water, sanitary waste, 
agricultural waste, and aquifer recharge, as well as experimental wells 

Source:  USEPA, “USEPA’s Program to Regulate the Placement of 
Waste Water and other Fluids Underground, December 1999. 

                                                 
7 United States Environmental Protection Agency (USEPA), Drinking Water Pocket Guide #2:  Protecting 
Drinking Water Through Underground Injection Control, January 2002. 
8 SDWA § 1421; 42 U.S.C.A §300h.; 40 CFR Parts 144-148. 
9 SDWA § 1421; 42 U.S.C.A §300h-2; 40 CFR Parts 144-148. 
10 USEPA, “UIC Program Overview,” Sequestration Workshop, February 2-3, 2004. 
11 USEPA, “USEPA’s Program to Regulate the Placement of Waste Water and other Fluids Underground, 
December 1999. 
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 All injection wells are not waste disposal wells – some Class V wells inject 
surface water to replenish depleted aquifers or to prevent salt water intrusion.12  Some 
Class II wells inject fluids for enhanced recovery of oil and natural gas (i.e. EOR and 
EGR), and others inject liquid hydrocarbons that constitute the nation’s strategic fuel 
reserves, including the Strategic Petroleum Reserve.13 
 
 Of these five classes, only three are potentially applicable to the arena of 
geologic carbon sequestration – Class II, in cases of enhanced hydrocarbon recovery, 
and potentially Classes V and I, which are both invoked under the Frio Injection Project 
presently being conducted by the University of Texas, Bureau of Economic Geology 
invokes both approaches, which is explained in greater depth in this same section. 
 
 Responsibility for UIC regulation is divided between the Federal government, as 
represented by the USEPA, and state governments.  The USEPA roles include setting 
UIC Program requirements and national standards, approving and overseeing U.S. state 
delegations, providing assistance to state entities administering UIC activities, 
overseeing direct implementation programs in certain states, and supporting and 
advancing sound science.  U.S. state and tribal roles for the 33 states, Guam, 
Commonwealth of the Mariana Islands, and Puerto Rico, that have primacy authority for 
all or part of the UIC program, which includes responsibility for application, review, 
authorization, and monitoring.14  In seven other states, including SECARB state Florida, 
primacy is shared between the states and the USEPA.  In addition, the USEPA 
administers UIC programs for the remaining 10 states, including SECARB states of 
Tennessee and Virginia, and all other Federal jurisdictions and Tribal lands.15  Most of 
the minimum requirements that affect the siting of the injection well, the construction, 
operation, maintenance, monitoring, testing, and, finally, the closure of the well, are 
designed to address USDW functions.  A detailed listing of the regulatory relationship 
between the Federal government and the states in the SECARB region follows in Figure 
2.  For reference, it is these entities that will play a crucial role in the development and 
implementation of regulatory, permitting, and accounting frameworks in the SECARB 
region. 

                                                 
12 USEPA, “USEPA’s Program to Regulate the Placement of Waste Water and other Fluids Underground, 
December 1999. 
13 USEPA, “USEPA’s Program to Regulate the Placement of Waste Water and other Fluids Underground, 
December 1999. 
14 USEPA, Drinking Water Pocket Guide #2:  Protecting Drinking Water Through Underground Injection 
Control, January 2002. 
15 USEPA, “USEPA’s Program to Regulate the Placement of Waste Water and other Fluids Underground, 
December 1999. 
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Figure 2.  SECARB State Regulatory Primacy for UIC Program. 
SECARB STATE PRIMACY REGULATORS 

Alabama State 

Classes I, III-V -- Alabama Department of 
Environmental Management                          
Class II -- Alabama State Oil and Gas Board 

Arkansas State 

Classes I, III-V -- Arkansas Department of 
Environmental Quality                                 
Class II -- Arkansas Oil and Gas Commission 

Florida Shared 

Classes I, III-V -- Florida Department of 
Environmental Management                          
Class II -- EPA Region 4 

Georgia State 
Classes I-V -- Georgia Environmental 
Protection Division 

Louisiana State 

Classes I, III-V -- Louisiana Department of 
Natural Resources                                      
Class II -- Louisiana Office of Conservation 

Mississippi State 

Classes I, III-V -- Mississippi Department of 
Environmental Quality                                 
Class II -- Mississippi Oil and Gas Board 

North Carolina State 
Classes I-V -- North Carolina Department of 
Environment and Natural Resources 

South Carolina State 
Classes I-V -- South Carolina Department of 
Natural Resources 

Tennessee Federal Classes I-V -- USEPA Region 4 

Texas State 

Classes I, III-V -- Texas Natural Resource 
Conservation Commission                                 
Class II -- Texas Railroad Commission 

Virginia Federal Classes I-V -- USEPA Region 3 

Tribal Lands in SECARB Federal 

Classes I-V -- USEPA Region 4 or 6 (in 
Arkansas, Louisiana, and Texas) (*Note: No 
Tribal Lands Region 3 SECARB state, Virginia) 

Source: USEPA, Drinking Water Pocket Guide #2:  Protecting Drinking Water Through Underground 
Injection Control, January 2002. 

 
 According to recent USEPA estimates, there are between UIC 650,000 to 
850,000 wells in the U.S. as of February 2004.  For reference, approximate UIC well 
counts by SECARB state follows in Figure 3. 
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Figure 3.  UIC Well Numbers by SECARB State. 

SECARB STATE NUMBER OF UIC WELLS 
Alabama 797 
Arkansas 1,247 
Florida 75,674 
Georgia 780 
Louisiana 3,990 
Mississippi 5,377 
North Carolina 4,489 
South Carolina 6,314 
Tennessee 4,747 
Texas 59,246 
Virginia 16,267 

Source:  USEPA, “UIC Program Overview,” Sequestration Workshop, February 2-3, 2004. 
  
 Based upon existing rules and regulations, it seems logical that geologic carbon 
sequestration projects, which function as EOR and EGR activities, would be permitted 
under UIC as Class II wells.  It is less clear, however, how other long-term storage 
carbon sequestration projects would be permitted.  Viewpoints range from the IOGCC 
preference for regulating and permitting these sites under natural gas storage laws to 
restating USEPA regulations regarding Class V well definitions or adding another UIC 
class.16  Another less viable, and potentially more costly, option is the utilization of the 
Class I UIC definition, which appears to be preferred by another faction of geologic 
carbon sequestration scholars.17  In fact, the Frio Injection Project presently being 
conducted by the University of Texas, Bureau of Economic Geology, as noted, invokes 
both approaches.  While the project was permitted as a Class V UIC well due to its 
experimental nature, the consensus in Texas is that future, non-experimental long-term 
geologic carbon sequestration wells would be permitted under a UIC Class I regime. 
 
 In addition to the governing regime for the regulatory, permitting, and safety 
issues of geologic sequestration injection and storage, matters of long-term liability and 
stewardship exist which cannot be easily ignored.  One approach to this matter could 
mirror the various state mine land restoration programs, which would require bonding or 
trust fund deposits to be posted with the relevant state regulatory agency to ensure that 
the long-term stewardship of geologic carbon sequestration sites would continue past 
the life of operating companies.  Based upon early stakeholder input on this subject, it 
seems that this type of approach would address public concerns without undue harm to 
the economics of geologic sequestration, and, in doing so, serve as an asset to wide-
scale geologic sequestration deployment. 
 
  2. Terrestrial Sequestration 
 
 While the geologic sequestration regulatory, permitting, and safety frameworks 
will require substantial shepherding to ensure that the regulations protect the public 

                                                 
16 Interstate Oil and Gas Compact Commission Geological CO2 Sequestration Task Force, Draft Report, 
October 2004. 
17 Wilson, Elizabeth J., David W. Keith, and Malcolm Wilson, “Considerations for a Regulatory Framework or 
Large-Scale Geological Sequestration of Carbon Dioxide: A North American Perspective,” Presented at 
Vancouver, BC, Canada, September 2004. 
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interest and are at the same time not unduly burdensome on terrestrial sequestration 
project stakeholders, the arena of terrestrial sequestration regulatory, permitting, and 
safety frameworks is advancing without assistance from entities like SECARB.  Witness, 
for example, the investments being made in the Lower Mississippi River Valley by power 
companies, including Entergy and American Electric Power, and nonprofit organizations, 
including the Conservation Fund, among others.  This is not to say, however, that 
SECARB will not play a beneficial role in attempting to streamline various state 
enactments in this domain, as with its present mission, SECARB would do so. 
 
 In general, most laws and regulations related tangentially to terrestrial 
sequestration in the SECARB states provide limited guidance to regulatory, permitting, 
and safety practices, but instead focus on attempting to stimulate voluntary terrestrial 
sequestration activities.  As a result, much of the guidance for terrestrial sequestration 
activities in the SECARB region results from state conservation policies or economic 
development enactments.  As a result of the potential terrestrial sequestration options in 
the region, four areas that relate to potential terrestrial sequestration projects – mine 
reclamation, reforestation, farm practices, and brownfield restoration – were examined in 
greater depth.  
 
   a. Mine Land Reclamation 
  
 As a result of Federal mining laws, all SECARB states have required mining 
companies to submit reclamation plans to the state governments explaining the post- 
mining utility of lands that have been excavated for mineral resources. These plans 
typically explain the vegetative cover that will be planted in the land and the man-made 
structures that will conserve water and land resources.  Some of the states such as 
Florida and Arkansas have regulations on the type of plants and trees to be used in the 
reclamation process and the manner in which vegetation is to be planted.  As terrestrial 
sequestration can be additional value-add options for mine land reclamation projects, 
state focuses on encouraging this practice could be helpful to the goal of wide-scale 
terrestrial sequestration. 
 
   b. Reforestation and Afforestation 
  
 Similar value-add opportunities exist for terrestrial sequestration in the area of 
reforestation and afforestation to combat emerging problems with land erosion resulting, 
in some instances, from development and industrial processes. To augment this 
situation, many SECARB states have employed programs to diminish the costs 
associated with replanting trees and conserving land resources.  Therefore, the 
SECARB states provide technical assistance services or provide cost-sharing grant 
opportunities to develop appropriate preliminary planning to implement reforestation and 
afforestation practices. For example, some SECARB states provide private land-owners 
with tree seedlings at cost of planting the trees.  Many of the state governments maintain 
tree nurseries for the rational of diminishing the costs associated with developing 
immature trees.  In addition, many SECARB states utilize the educational systems to 
develop reforestation technical assistance and site preparation. Further, these states 
provide, in some instances, technical assistance through “Stewardship Programs” for 
maintenance of forestry resources. This program is also used for information resources 
and networking for forest land owners to optimize the value of their resources. 
 
    

DE-FC26-03NT41980

SECARB Deliverables Appendix Document
Volume I

Page 119 of 548



 12

   c. Brownfield Restoration 
 
 SECARB states have also adopted a focus on brownfield restoration as a land 
management activity, which in some instances can positively impact terrestrial 
sequestration prospects.  Most SECARB states, with North Carolina as a notable 
exception to the rule, have diminished the liability associated hazardous waste for future 
generations following the initial clean-up process, which could include for purposes of 
terrestrial sequestration. 
 
 The incentives associated with brownfield redevelopment do not always apply to 
terrestrial sequestration activities in the SECARB states. Often, in terms of terrestrial 
sequestration, these governmental incentives are dependent on the definition of 
“development”. Some of the states observe the creation of public parks as an activity 
worthy of these tax incentives. The development of public parks could sequester carbon, 
but the intention of these laws is often more focused on development of brownfields into 
commercial property, not necessarily GHG reduction projects.  Thus, alterations to 
brownfield restoration laws could be required in order to allow this mechanism to 
become a more viable option for terrestrial sequestration. 
 
   d. Farm Practices 
 
 Moving to the domain of soil sequestration, select SECARB states have 
advanced programs that assist in on-farm, soil management-based terrestrial 
sequestration.  While several SECARB states encourage agricultural management 
practices that enhance terrestrial sequestration, two SECARB states – Georgia and 
North Carolina – have provided incentives for farmers to employ conservation-oriented 
farm preparation activities, e.g. no-tillage farm practices, which can directly result in 
marketable, verifiable carbon sequestration achievements. For reference, the state 
governments provide capital equipment for farm owners using this form of site 
preparation. In addition, North Carolina state government also provides technical 
assistance for farmers that utilize no-tillage practices. 
 
   e. Other References to Terrestrial Sequestration 
 
 To date, SECARB state terrestrial sequestration enactments have focused on 
laws and regulations that provide opportunities for terrestrial sequestration, but that do 
not directly contemplate terrestrial sequestration.  In limited instances, however, 
terrestrial sequestration projects are specifically referenced in state codes and forestry 
entities are empowered with the authority to assist private and public parties, in some 
instances, with terrestrial sequestration projects.  For instance, the Arkansas Forestry 
Commission is endowed with these privileges under a recent enactment.18  Other non-
SECARB states, including Oklahoma, seem to have set the precedent for this approach 
with its “Carbon Sequestration Enhancement Act” from several years earlier. 
 
 While common approaches to terrestrial sequestration are developing, there 
remains a void in terms of a universal approach to terrestrial sequestration regulatory, 
permitting, and safety frameworks that would encourage such activities in the SECARB 
region. 
  
                                                 
18  Code of Arkansas, §22-5-506 (2003).  
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 3. Accounting Frameworks 
 
 Related to regulatory, permitting, and safety frameworks are accounting 
frameworks for carbon sequestration which allow for adequate recording, 
documentation, and verification of the carbon sequestration activities, whether terrestrial 
or geologic in nature.  Presently, GHG accounting comes in two forms – voluntary or 
mandatory.  In the SECARB region, to-date, voluntary reporting has been the universally 
accepted form of accounting practices, although mandatory approaches must also be 
assessed for consistency in case mandatory measures should arise locally, on a state 
basis, or nationally.  Regardless of the compliance mechanism approach, it appears that 
the most significant issues regarding carbon sequestration accounting center on a few 
key elements – baselines, minimum legal requirements, additionality, measurement, 
monitoring, and verification. 
 
 Voluntary reporting is valuable as it provides a way to present information about 
an enterprise’s GHG emissions and/or emissions reduction activities to its customers or 
constituents, who are interested in GHG emissions.  The communication of voluntary 
reports and achievements can be valuable in that it provides public information that may 
influence future GHG policy formulation, and more importantly, prompt enterprises to 
pursue GHG mitigation projects in the years to come, including those focused on 
terrestrial and geologic carbon sequestration. 

 Under this research phase, SECARB partner Augusta Systems analyzed 
Federal, state, and private sector accounting frameworks, including, most notably, the 
U.S. national voluntary GHG reporting program, the Voluntary Reporting of Greenhouse 
Gases Program (VRGGP) of the U.S. Department of Energy (USDOE), the new Georgia 
registry legislation, and the emerging Chicago Climate Exchange and “Greenhouse Gas 
Protocol” of the World Business Council for Sustainable Development and World 
Resources Institute.  Details of each analysis follow. 
 
  1. USDOE 1605(b) Program  
 
 In 1992, the U.S. Congress established the VRGGP in order to meet U.S. 
commitments under the United Nations Framework Convention on Climate Change 
(UNFCCC).  The VRGGP was established under Section 1605(b) of the 1992 Energy 
Policy Act, which has become known as the 1605(b) program.  The 1605(b) program 
provides a mechanism for reporting GHG emissions and emissions reductions, including 
those produced from carbon sequestration projects.  Presently, the 1605(b) program is 
being revised to better meet the emerging needs of the voluntary GHG trading market 
and the expanding role of carbon sequestration in the GHG emissions management 
arena.  As this national program would, potentially, impact accounting frameworks within 
the SECARB region, a summary of the present 1605(b) program will be presented, as 
well as information on the proposed revisions made public to-date. 
  

a. Existing Program 
 

 Under the enacting legislation for the 1605(b) program, the USDOE through its 
Energy Information Administration (EIA), and in collaboration with the U.S. 
Environmental Protection Agency (USEPA), was required to publish procedures for the 
accurate voluntary reporting of information on: (1) GHG emissions on an annual basis 
for the baseline period 1987 through 1990, and for subsequent calendar years; (2) 
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annual reductions of GHG emissions achieved through any measure; and, (3) reductions 
in GHG emissions achieved voluntarily, including via carbon sequestration, or as a result 
of plant or facility closings, or as a result of Federal or individual state requirements. 
 
 Final guidelines and supporting materials were developed, with stakeholder 
input, for the six sectors identified by the 1605(b) program, which are: Electricity Supply; 
Residential and Commercial Buildings; Industrial; Transportation; Forestry; and, 
Agricultural.  The initial guidelines provide reporting flexibility by allowing the participant 
to utilize existing GHG emissions and emissions reduction information, and to select 
appropriate quantification methods based upon the nature of their reduction or offset 
projects.  To prompt action by participants, the support documents included examples of 
project analyses for the various sectors, appendices of conversion tables, and default 
emissions factors for various fuels and for electricity on a state-by-state basis.    
 
 Participants are encouraged to submit comprehensive reports, which can include 
information on GHG emissions levels and emissions reduction projects, including 
terrestrial and carbon sequestration projects.  It is important to note that the present 
1605(b) program definition of “carbon sequestration” is limited to terrestrial projects.  
Geologic sequestration projects are dealt with under another project type definition.  For 
project reporting, every GHG emissions reduction project report must include specific 
information to assist in analyzing the benefits of the projects.  For instance, it is required 
that every report provide an established reference case that serves as a basis for 
comparison with a specific project.  Further, the report must provide identification of the 
effects of the project, and an estimation of the GHG emissions for both the reference 
case and the specific GHG emissions reduction or carbon sequestration project. 
 
 To aid in the development of these data sets, the 1605(b) program guidelines 
and supporting documents provide detailed information regarding the appropriate 
processes under which an entity should obtain data and define the methods for 
estimating a specific project’s effect on GHG emissions reduction and carbon 
sequestration results.  The guidelines outline the acceptance of three types of data – 
physical, default, and reporter-generated.  Based on these three categories of data, the 
guidelines recognize two categories of projects: standard projects, which rely on physical 
and default data, and reporter-designed projects, which use relative default data and 
measured, or engineering data, developed by the entity.  The GHG emissions reduction 
outcomes or sequestered carbon emissions of an entity’s project must be determined 
and recorded.  By requiring these elements, the report contains detailed information 
relative to the impact of the project, which can be reviewed by a third party to determine 
the validity of the emissions reduction effort.  
 
 In summary, the 1605(b) program provides enterprises with an opportunity to 
record their GHG emissions reduction and carbon sequestration achievements, and 
communicate these achievements to colleagues, customers, and the general public.  By 
nature of its voluntary and uncomplicated structure, the 1605(b) program provides an 
unrestrictive opportunity to encourage enterprises to engage in GHG emissions 
reduction activities.  However, the 1605(b) program was not without its detractors, as the 
program’s reporting mechanisms did not, in the eyes of many, truly allow for detailed 
accounting procedures and did not adequately address geologic sequestration project 
reporting and accounting.  The following section describes the on-going efforts of the 
USDOE, the U.S. Department of Agriculture (USDA), and the USEPA to improve the 
1605(b) program. 

DE-FC26-03NT41980

SECARB Deliverables Appendix Document
Volume I

Page 122 of 548



 15

   b. Emerging Changes to 1605(b) Program 
 
 During 2002, USDOE, USDA, and USEPA initiated a series of actions to facilitate 
comments and suggestions for enhancements and improvements to the 1605(b) 
program from stakeholders.  In July 2002, the three federal agencies initiated a call for 
public comments to improve the guidelines.  In addition, the three Federal agencies 
conducted a series of workshops to enable interested persons to help improve the 
1605(b) program guidelines.  Following these activities, the Federal agencies moved 
forward to produce two levels of new proposed guidelines – Technical Guidelines and 
General Guidelines.19 
 
 The enhanced General Guidelines are intended to improve the accuracy and 
completeness of GHG emissions data in the national registry created by 1605(b) and 
have been released publicly.  The Technical Guidelines will be proposed in the near 
future and both of these Guidelines, when effective, will collectively modify and replace 
the current guidelines for the 1605(b) program.  The Technical Guidelines will specify 
methods and factors to be used in measuring and estimating greenhouse gas emissions, 
emissions reductions, and carbon sequestration.  Thus, these Technical Guidelines will 
play the most critical role of the two in the development of the accounting framework for 
SECARB. 
 
 Due to the fact that these General Guidelines will provide the structure for the 
more specific Technical Guidelines, these initial proposed revisions are significant to the 
SECARB accounting framework research.  The remainder of this document summarizes 
key elements of the proposal on which USDOE will again solicit public comments on 
these specific issues at a later date.  More specifically, these General Guidelines are 
summarized into sections examining entity reporting requirements, certification and 
verification, and reporting and registering emission reductions (including carbon 
sequestration). 
 
 With respect to entity reporting requirements, the General Guidelines feature two 
different mechanisms for differently sized entities. Large entities, i.e. those with average 
annual emissions over 10,000 tons of CO2 equivalent (CO2e), would be required to 
provide an inventory of total emissions and calculate net reductions associated with 
entity-wide efforts, as well as to demonstrate that the reported reductions represent an 
actual net decrease in entity-wide emissions, as calculated by one or more of the 
methods allowed by the General Guidelines.  Meanwhile, smaller entities, i.e. those with 
average annual emissions of less than 10,000 tons of CO2e, would be eligible to register 
emission reductions associated with specific activities without completing an entity-wide 
inventory or reduction assessment.20 
 
 As certification and verification standards of the 1605(b) program could impact 
SECARB accounting frameworks, the certification and verification recommendations for 
the new General Guidelines merit examination.  Under the proposed new General 
Guidelines, an agency head, CEO, or other responsible official is required to certify that 
the reporting entity accurately follows the revised guidelines for determining emissions, 
                                                 
19 United States Department of Energy (USDOE), USDOE 1650(b) Program Enhancements Website, 
Proposed Guidelines, General Guidelines , 
www.pi.energy.gov/enhancingGHGregistry/proposedguidelines/generalguidelines.html 
20 USDOE, USDOE 1650(b) Program Enhancements Website, Proposed Guidelines, General Guidelines at 
www.pi.energy.gov/enhancingGHGregistry/proposedguidelines/generalguidelines.html 
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emission reductions, and sequestration achievements with sufficient records maintained 
for at least three years to enable independent verification.  In addition, entities are 
encouraged to obtain independent verification of the accuracy of their reports and 
compliance with USDOE Guidelines.  It is also important to note that the required reports 
sent to EIA should be sufficiently detailed to enable EIA to review and confirm the final 
emission reduction calculations for each method and output measure utilized, and to 
review and confirm the rates of conversion used for each category of GHG covered and 
for electricity-related use or emissions avoidance, by region.21 
 
 With reference to reporting and registering emissions reductions, including those 
achieved via carbon sequestration, there are a number of significant points to consider, 
including legal rights and ownership, as well as emissions intensity metrics.  Notably, as 
legal rights to sequestration opportunities or other emissions management activities may 
be in question given current laws, the proposed new General Guidelines state that 
owner of the facility, land, or vehicle that generated the emission reductions or 
sequestration is the entity presumed to have the right to report and register any emission 
reductions or sequestration.  Also, entities are required to coordinate with other entities 
that share ownership of particular operations to ensure no double counting occurs and 
this no double counting must be certified.  With reference to emissions intensity metrics, 
the proposed General Guidelines recommend the use of emission intensity indicators as 
the basis for determining emission reductions however, the USDOE Technical 
Guidelines will set procedures to calculate emission reductions, including lists of 
possible output indicators, calculation methods for determining reductions associated 
with terrestrial and geologic sequestration, methods and emission factors for calculating 
avoided emissions, and project-based methods.  Also, it is important to note that, entities 
could report reduction in emissions intensity, absolute reductions in emissions, 
increased carbon storage, avoided emissions, and project emission reductions.22 
  
  2. State-Based Accounting 
 
 While the 1605(b) program has been in operation for a sufficient period to allow 
for the thoughtful consideration of enhancements and revisions, state voluntary reporting 
programs are only beginning to appear.  While a number of states are moving forward to 
initiate and adopt voluntary GHG registries, including Georgia in the SECARB region, a 
smaller number (California, New Hampshire, and New Jersey) have active state 
voluntary GHG registries, which include opportunities for reporting and registering 
emissions reductions achievements, including those produced via carbon sequestration 
projects, both terrestrial and geologic.  In the SECARB region, however, less activity has 
occurred and most existing state enactments tend to deal only with the technology and 
approaches presently enjoying expansion – terrestrial sequestration.  For instance, the 
State of Georgia, under its recently enacted Senate Bill 356, established the Georgia 
Carbon Sequestration Registry Act, which supported the use of terrestrial sequestration, 
but is seemingly silent on geologic sequestration opportunities.  The launch date for the 
Georgia Registry has not been established at this time. 
 

                                                 
21 USDOE, USDOE 1650(b) Program Enhancements Website, Proposed Guidelines, General Guidelines at 
www.pi.energy.gov/enhancingGHGregistry/proposedguidelines/generalguidelines.html 
22 USDOE, USDOE 1650(b) Program Enhancements Website, Proposed Guidelines, General Guidelines at 
www.pi.energy.gov/enhancingGHGregistry/proposedguidelines/generalguidelines.html 
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  3. Private Sector Initiatives 
 
 In addition to analysis on Federal and state reporting and registry mechanisms 
that could impact the SECARB accounting framework action plans, Augusta Systems 
also examined the requirements of reporting, registering, and accounting under the 
Chicago Climate Exchange, as well as the World Business Council for Sustainable 
Development and World Resources Institute (WBCSD/WRI) Greenhouse Gas Protocol.  
For reference, the WBCSD/WRI Greenhouse Gas Protocol may provide the most 
comprehensive method and process for GHG and carbon sequestration accounting 
activities produced to-date, and as such will serve as a vital resource for accounting 
framework developments by SECARB. In general, the most significant issues regarding 
carbon sequestration accounting for private sector initiatives tend to key on the same 
points as public sector initiatives – baselines, minimum legal requirements, additionality, 
measurement, monitoring, and verification. 
 
 Thus, it appears that while all existing reporting, registering, and accounting 
methodologies are still developing, there is some level of commonality among the 
existing accounting framework standards.  Year 2 SECARB efforts will focus on 
development action plan with accounting frameworks that meets the needs of 
stakeholders and duly defers to the existing and emerging Federal, state, and private 
sector practices. 

 
D. Early Action Plan Development and Activities 
 

 As a Federal-state energy compact, the SSEB hosts a number of activities for 
SSEB members during the course of a calendar year, including an SSEB Annual 
Meeting, an SSEB Chairman’s Forum, and a meeting at the Southern Legislative 
Conference.  As a significant benefit to SECARB, these meetings, as proposed in the 
SECARB proposal to NETL, have been utilized to facilitate early engagement of partners 
and stakeholders alike in SECARB, which will need to be involved in the final 
development of the SECARB regulatory, permitting, safety, and accounting frameworks 
and action plans. 
 
 During year one of SECARB Phase I, the SECARB team utilized the SSEB as a 
vehicle for engaging and informing opinion leaders and stakeholders in the southeast on 
SECARB and its goals. Information about SECARB was disseminated through various 
SSEB communications and events, including the SSEB Chairman’s Forum, the SSEB 
Annual Meeting, the Southern Legislative Conference Annual Meeting, meetings of the 
SECARB Technical Team and Technology Coalition and the Carbon Sequestration PEIS 
public scoping meeting held in the SECARB region, among others. 
  

The initial meeting of the SECARB Technical Team and Technology Coalition 
occurred in January 2004 in Atlanta, Georgia.  The meeting served to report on the 
status of subcontracts for SECARB, the work effort accomplished following the NETL 
RCSP Kick-off Meeting in November 2003, and to solicit input from Technology Coalition 
stakeholders for the coming months of the activity.   

 
As a result of the decision of SSEB 2004 Chairman, West Virginia Governor Bob 

Wise, to host an SSEB Chairman’s Forum focused on carbon management, entitled 
“Regional Meeting on Defining Priority Actions for Voluntary Carbon Management 
Activities in the South,” SECARB had another opportunity to present to stakeholders the 
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plans and initial efforts of SECARB.  Speakers at the SSEB Chairman’s Forum included 
representatives from USDOE, NETL, the United States Environmental Protection 
Agency, the United States Department of State, state governments, private industry, the 
SECARB Technology Coalition, and the SECARB Technical Team.  Notably, this event 
featured an update on regulatory and accounting research activities for the Technical 
Team and Technology Coalition, which serves as a de-facto partnership advisory board 
for SECARB. 

 
 In August 2004, Augusta Systems and the SSEB, on behalf of SECARB, 
provided remarks to a meeting of the Southern Legislative Conference regarding the 
carbon sequestration issues of potential interest to legislators in SECARB and other 
southern states.  For reference, the oral presentation and Power Point Presentation 
included features on carbon management overview, SECARB regulatory and accounting 
research activities, voluntary and regulatory efforts at carbon management by U.S. 
states, and SECARB plans for action plan development and implementation, and a 
mechanism for feedback from SECARB and SSEB state legislative representatives. 
 
 In addition, the SSEB and SECARB provided comments during the NETL Carbon 
Sequestration PEIS public scoping meeting.   
   
IV. CONCLUSION 
 
 The first year of the SECARB regulatory, permitting, safety, and accounting 
framework activity efforts have focused on meeting the requirements of SECARB Phase 
I Subtask 3.1, which focused on conducting a thorough analysis of the existing 
environment that could impact the carbon sequestration regulatory, permitting, safety, 
and accounting frameworks in the SECARB region.  As the carbon sequestration arena 
is a rapidly developing field, multiple, complimentary efforts are underway that will 
ultimately affect the SECARB Action Plan for the Regulatory, Permitting, Safety, and 
Accounting Frameworks.  These include: 
 

• The Carbon Sequestration Leadership Forum Legal, Regulatory, and Financial 
Issues Task Force; 

• The Interstate Oil and Gas Compact Commission Task Force on Geologic 
Carbon Sequestration; 

• The USDOE 1605(b) Program Enhancements, especially the revised Technical 
Guidelines; and, 

• The emerging GHG emissions trading markets, both nationally and globally, 
including the Chicago Climate Exchange. 

 
 While none of the above-referenced efforts will deliver methods and processes 
that must be adhered to by SECARB or any RCSP, these high-profile efforts, and their 
outcomes, must be incorporated into the above-referenced Action Plan, if SECARB will 
be able to assist SECARB stakeholders and regional entities by providing frameworks 
that would allow for participation in the national and international GHG emissions 
management and carbon sequestration activities.  Year 2 efforts will continue to monitor 
the progress in these areas as first Draft Action Plans, which will be reviewed by the 
SECARB partners, and then Final Action Plans are produced. 
 
 Key questions that must be integrated into the final Action Plan are as follows: 
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• Will CO2 be defined as a commodity, waste, or pollutant under Federal, 

state, or Federal and state laws and regulations, including UIC 
regulations? 

• What Federal and/or state standards should be devised for measurement 
of CO2 concentration at the point of capture to ascertain and verify the 
quality and purity of the CO2? 

• Will the Federal and state entities with existing CO2 pipelines continue 
business-as-usual with regulating, permitting, and enforcing safety as 
CO2 pipelines enjoy greater proliferation under wide-scale sequestration 
endeavors? 

• Will geologic carbon sequestration injection and storage activities be 
wholly subject to existing UIC regulations? 

• Will new UIC classes or definitions emerge to facilitate geologic 
sequestration injection and storage activities? 

• Will long-term geologic sequestration projects without enhanced 
hydrocarbon recovery components be subject to UIC at all? 

• How will the existing Federal and state land management and restoration, 
timber management, and farm management legislation be augmented to 
include comprehensive plans to encourage terrestrial sequestration? 

• How will the 1605(b) guideline enhancements, state registry activities, 
and private sector standards develop and allow for reconciliation to create 
reliable accounting frameworks? 

• How quickly can effective measurement, monitoring, and verification 
technologies be developed that will provide reliable data to advance 
regulatory and accounting activities, both for terrestrial and geologic 
carbon sequestration activities? 

 
 Thus, the Year 2 SECARB activities for the regulatory, permitting, safety, and 
accounting framework activity efforts will focus on developing frameworks that will 
incorporate available information to forge a flexible Action Plan that would allow for the 
integration of new findings and pronouncements during the course of a potential 
SECARB Phase II.  The year one regulatory, permitting, safety, and accounting 
framework activity efforts of SECARB Phase I have produced a platform for successes 
to be built upon in year two of SECARB Phase I by completing the requirements of 
SECARB Subtask 3.1.  In year two, SECARB will work with USDOE to obtain the 
requisite guidance for the content and context of the development of the Action Plan for 
Regulatory, Permitting, Safety, and Accounting Frameworks called for in Subtask 6.6 of 
the SECARB proposal. 
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ABSTRACT 
 

The Southeast Regional Carbon Sequestration Partnership (SECARB) is one of 
seven U.S. Department of Energy-funded Regional Carbon Sequestration Partnerships.  
Led by the Southern States Energy Board, the partnership seeks to address 
opportunities for carbon sequestration technology deployment in the southeastern U.S.  
As part of its mission, SECARB has a goal to develop public education and involvement 
mechanisms to raise public awareness of sequestration opportunities in the region and 
provide interested stakeholders with information about technology deployment efforts.  
This report documents the outreach efforts of SECARB during Phase I of SECARB 
activities and represents an Action Plan for Public Education, Involvement, and 
Acceptance in Phase II. 
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EXECUTIVE SUMMARY 
 

U.S. President George W. Bush initiated the President’s Global Climate Change 
Initiative to assist U.S. businesses and public entities in decreasing carbon dioxide (CO2) 
and other greenhouse gas (GHG) emissions in a voluntary manner.  The initiative has a 
goal of 18 percent reduction in GHG intensity, which involves the relationship of GHGs 
to the gross domestic product, by 2012.  To assist with President Bush’s initiative, the 
U.S. Department of Energy (USDOE) initiated a program led by the National Energy 
Technology Laboratory (NETL) focused on multi-state, regionally based partnerships, 
known formally as Regional Carbon Sequestration Partnerships (RCSPs).  The goal of 
the RCSPs is to advance and demonstrate carbon sequestration technology options to 
assist the nation in meeting the Global Climate Change Initiative’s goals. 

 
The Southeast Regional Carbon Sequestration Partnership (SECARB) is one of 

seven USDOE-funded RCSPs.  Led by the Southern States Energy Board (SSEB), the 
partnership seeks to address opportunities for carbon sequestration technology 
deployment in the southeastern U.S. The partnership represents eleven southeastern 
states: Alabama, Arkansas, Florida, Georgia, Louisiana, Mississippi, North Carolina, 
South Carolina, Tennessee, Texas, and Virginia.  Partners include state government 
agencies, research universities, nonprofit entities, energy and environmental 
consultancies, energy companies, and others with locations and interests within the 
SECARB and SSEB regions.   

 
As part of its mission, SECARB has a goal to develop public education and 

involvement mechanisms to raise public awareness of sequestration opportunities in the 
region and provide interested stakeholders with information about technology 
deployment efforts.  SSEB is the nation’s only regionally focused, federal/state energy 
compact, which engages state government entities and private businesses in 
sustainable dialogues on emerging energy and environmental technology issues.  Due 
to SSEB’s unique structure, SECARB is well positioned to serve as a platform for public 
education, as well as to receive input from a broad cross-section of stakeholders.  This 
input can help to create the necessary public involvement and education mechanisms 
that can assist in the wide-scale deployment of carbon sequestration technologies in the 
region. 

 
Through the efforts of the SECARB team, the partnership has worked to advance 

this goal and the overall mission during Phase I of the RCSP initiative.  SECARB has 
pursued this effort in a similar manner to which the partnership has undertaken its 
research into the feasibility of various carbon sequestration technology approaches in 
the southeast: through careful research and study; research and study which can lead to 
field-tested and validated public outreach approaches during Phase II. 
 
  This research, utilizing such activities as focus groups and in-depth interviews 
with select groups of stakeholders, led to the development of specific messages and 
outreach infrastructure that SECARB will use as it continues its outreach efforts.  This 
report documents the Phase I outreach efforts of SECARB and represents an Action 
Plan for Public Education, Involvement, and Acceptance for use during Phase II. 
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I. INTRODUCTION 
 

Global emissions of carbon dioxide (CO2) from human activities are projected to 
increase up to 60 percent by 2020.  Concerns over possible, long-term effects on the 
global climate from these emissions have led to a heightened focus on possible 
solutions for the management of CO2 and other greenhouse gases (GHGs).   

 
In the U.S., President George W. Bush developed the President’s Global Climate 

Change Initiative as a means to assist the nation in meeting the challenge of GHG 
emission management.  The Global Climate Change Initiative has a goal of 18 percent 
reduction in GHG intensity, which involves the relationship of GHGs to the gross 
domestic product, by 2012.   

 
As CO2 emissions account for about 80 percent of man-made GHG emissions in 

the U.S., technology options for managing this gas in particular and meeting the goals of 
the Global Climate Change Initiative are being examined.  Major options for reducing 
CO2 emissions are 1) substituting CO2-producing fossil energy sources with renewable 
energy sources, such as wind and solar energy; 2) utilizing energy more efficiently or 
conserving energy; and 3) capturing and storing emissions in biological materials or 
geologic formations – a process known as “carbon sequestration.”  Given the magnitude 
of the challenge, many experts concede that it will require a combination of these 
options to effectively manage GHG emissions.  

 
To assist in meeting these carbon management challenges and the president’s 

goal, the U.S. Department of Energy (USDOE) undertakes research programs in a 
number of areas -- including renewable energy, energy efficiencies and carbon 
sequestration – in an effort to develop and deploy effective carbon management 
technologies.  Because of its potential to store vast amounts of emissions, carbon 
sequestration has received ever-increasing attention.  In fact, USDOE’s Carbon 
Sequestration Technology Roadmap and Program Plan notes that sequestration may be 
required to shoulder “at least 50% or more of the emission reduction load.” Therefore, 
scientific testing and analysis is underway in order to identify, demonstrate and deploy 
safe, effective, and broadly acceptable methods of carbon sequestration.  

 
In order to ensure the necessary concepts and infrastructure exist for deployment 

of carbon sequestration technologies, USDOE Office of Fossil Energy’s (FE) National 
Energy Technology Laboratory (NETL) has brought together federal and state agencies, 
working in cooperation with researchers, regulators, and others, in a national network of 
public and private-sector partnerships.  These entities, known as Regional Carbon 
Sequestration Partnerships (RSCPs), seek to determine the most suitable technologies, 
regulations, and infrastructure for carbon sequestration utilization throughout the 
country.   

 
Carbon sequestration can involve a number of different activities – ranging from 

tree selection and land management (for sequestration in biologic materials) to capturing 
carbon at an emission source and transporting it to a storage site (for injection into 
geologic formations).  Therefore, individual regions of the U.S. may advance and deploy 
these technologies in different fashions based upon unique regional characteristics (e.g., 
geographic, environmental or economic factors).  The multi-state RCSPs seek to 
advance and deploy these technologies in a manner most suitable to their respective 
regions. 
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The Southeast Regional Carbon Sequestration Partnership (SECARB) is one of 

seven USDOE-funded RCSPs.  Led by the Southern States Energy Board (SSEB), the 
partnership seeks to address opportunities for carbon sequestration technology 
deployment in the southeastern U.S. The partnership represents eleven southeastern 
states: Alabama, Arkansas, Florida, Georgia, Louisiana, Mississippi, North Carolina, 
South Carolina, Tennessee, Texas, and Virginia.  Partners include state government 
agencies, research universities, nonprofit entities, energy and environmental 
consultancies, energy companies, and others with locations and interests within the 
SECARB and SSEB regions.   

 
During Phase I of the RCSP effort (October 2003 to September 2005), SECARB 

and the other partnerships developed the framework needed to validate and potentially 
deploy carbon sequestration technologies. They studied the suitability of the numerous 
sequestration approaches for their specific regions, including possible regulatory and 
infrastructure requirements.  In Phase II, (October 2005 to September 2009) the 
partnerships will field test and validate carbon sequestration technologies, satisfy 
regulatory requirements for fieldwork and identify best-management practices for future 
deployment. 

 
Beyond the actual technology research and development efforts, an important 

component of the RCSPs, and USDOE’s carbon sequestration efforts in total, is public 
outreach.  As noted in its Carbon Sequestration Technologies Outreach Plan: 

 
“…FE/NETL also recognizes that such research and development rarely occurs in a 

vacuum, especially when it involves fieldwork. Public support is important to the success of the 
research efforts, and, more importantly, public disapproval will be very difficult to overcome. It is 
imperative, therefore, for FE/NETL and its research partners to work with the public both to 
explain the research efforts and to address public environmental, health and safety concerns as 
they arise. The benefits of this outreach effort will accrue to the research teams, by enabling them 
to improve their research efforts, and to the public, by providing it with more of a role in 
addressing climate change.” 

 
Therefore, as part of its mission, SECARB has a goal to develop public education 

and involvement mechanisms to raise public awareness of sequestration opportunities in 
the region and provide interested stakeholders with information about technology 
deployment efforts.  SSEB is the nation’s only regionally focused, federal/state energy 
compact, which engages state government entities and private businesses in 
sustainable dialogues on emerging energy and environmental technology issues.  Due 
to SSEB’s unique structure, SECARB is well positioned to serve as a platform for public 
education as well as to obtain input from a broad cross-section of stakeholders in order 
to develop public involvement and education mechanisms that assist in the wide-scale 
deployment of carbon sequestration technologies in the region. 

 
Through the efforts of the SECARB team, the partnership has worked to advance 

this goal and the overall mission during Phase I of the RCSP initiative.  SECARB has 
pursued this effort in a similar manner to which the partnership has undertaken its 
research into the feasibility of various carbon sequestration technology approaches in 
the southeast: through careful research and study; research and study which can lead to 
field-tested and validated public outreach approaches during Phase II. 
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This report documents the outreach efforts of SECARB during Phase I of the 
SECARB activities and represents an Action Plan for Public Education, Involvement and 
Acceptance moving forward. 

 
II. EXPERIMENTAL 
 

Due to the nature of the project, no experimental methods, materials, or 
equipment were or are necessary. 
 
III. RESULTS AND DISCUSSION 

 
A. Overview 
 
SECARB is the SSEB-led framework to address opportunities for carbon 

sequestration technology deployment in the southeastern U.S. The partnership 
represents eleven southeastern states, including Alabama, Arkansas, Florida, Georgia, 
Louisiana, Mississippi, North Carolina, South Carolina Tennessee, Texas, and Virginia 
(See Figure 1).  Partners include state government agencies, research universities, 
nonprofit entities, energy and environmental consultancies, energy companies, and 
others with locations and interests within the SECARB and SSEB regions.   

 
SSEB is the only interstate compact in the U.S. that is constituted by both federal 

and state laws, that has governors, state legislators, and a presidential appointee 
comprising its board of directors, and is empowered by its charter to address energy and 
environmental issues.  Among the partners in the SECARB Technical Team are Electric 
Power Research Institute; a Mississippi State University team led by the Diagnostic 

Figure 1 – States in the Southeast Regional Carbon Sequestration Partnership 
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Instrumental Analysis Laboratory; Augusta Systems; Massachusetts Institute of 
Technology; the University of Texas at Austin, Bureau of Economic Geology; the Virginia 
Polytechnic Institute and State University; Winrock International; Geological Survey of 
Alabama; Advanced Resources International; Applied Geo Technologies, Inc., a 
business of the Mississippi Band of Choctaw Indians; the Tennessee Valley Authority 
(TVA); RMS Strategies; and The Phillips Group. 

 
In addition to the Technical Team, the SECARB Technology Coalition, a joint 

membership of stakeholders from the public and private sector, serves to advise and 
guide the partnership regarding carbon sequestration technology deployment in the 
southeast.  The coalition consists of public-sector officials from SSEB member states 
involved in SECARB and the Interstate Oil and Gas Compact Commission. The initial 
private sector members of the Technology Coalition include: Southern Company; TVA; 
Duke Power; Tampa Electric Company; Progress Energy; SCANA; Center for Energy 
and Economic Development; North American Coal Corporation; and Clean Energy 
Systems, Inc, among others.  This body has been integral in the process of identifying 
viable potential locations for SECARB Phase II field work, as well as in facilitating 
technical information transfer and furthering public outreach activities of the partnership. 

 
As part of its mission, SECARB has a goal to develop public education and 

involvement mechanisms that raise public awareness of sequestration opportunities in 
the region and provide interested stakeholders with information about technology 
deployment efforts.  Due to the unique public/private structure of the RCSPs, along with 
the field work to commence under Phase II activities, SECARB and its fellow 
partnerships will be engaging in some of the most publicly visible of carbon 
sequestration activities.  Understanding this situation, as well as the great 
responsibilities inherent in having been selected to perform the research, SECARB 
sought to undertake Phase I outreach activities that would generate valuable 
information; information that could be utilized in the development of outreach resources 
useful to Phase II efforts. 

 
To meet these public outreach goals, SECARB efforts focused initially on 

baseline research activities and early-stage briefings that would help to structure a 
preliminary assessment of public perception regarding carbon sequestration in the 
region.  To these ends, the SECARB team utilized SSEB as a vehicle for engaging and 
informing stakeholders in the southeast of SECARB and its goals – particularly so-called 
“thought leaders” among its membership (i.e., influential individuals who can serve to 
shape public opinion, such as public officials and leading executives from industry).  
Information about SECARB was disseminated through various SSEB communications 
and events, including the SSEB Chairman’s Forum, the SSEB Annual Meeting, the 
Southern Legislative Conference Annual Meeting, meetings of the SECARB Technical 
Team and Technology Coalition, and the Carbon Sequestration Programmatic 
Environmental Impact Statement (PEIS) public scoping meeting held in the SECARB 
region, among others. 

 
Based upon these communications efforts to ascertain knowledge of and interest 

in carbon sequestration, as well as follow-on discussions with SECARB and SSEB 
stakeholders, the team concluded that a more thorough planning effort, consisting of in-
depth research methods, was necessary to facilitate and structure the type of focused 
outreach efforts which would be required to assist in Phase II field work.  Such a 
planning effort would subject outreach to the same rigorous study undertaken through 
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the partnership’s Phase I technical efforts and could help to eliminate guesswork 
regarding suitable outreach resources.   

 
Specifically, this plan called for opinion research methods, to be conducted by 

SECARB Technical Team members RMS Strategies and The Phillips Group, with 
assistance from Augusta Systems and the SSEB, to determine the opinions of industry 
and environmental organizations and understand the unique environmental history of 
each state in such areas as historical public reaction to project development, for 
instance.  It was through these research methods that specific outreach resources were 
developed, which could be utilized to further public education and involvement, 
particularly during Phase II fieldwork. 
 

B. Baseline Research and Training Activities 
 
 Beginning SECARB efforts focused on baseline research and training to provide 
a foundation of knowledge applicable to initial outreach activities.  These baseline 
initiatives focused on two key areas – engagement in an NETL-coordinated RCSP 
outreach working group and an examination of historic environmental incidents that 
could be raised (despite misapplication) as analogs to geologic carbon sequestration.  
Activities in both areas are discussed below. 
 
 In an effort to ensure that all RCSPs, including SECARB, engage in outreach and 
education activities with an appropriate base of background knowledge about carbon 
sequestration and outreach, NETL coordinates and manages working group meetings 
for outreach representatives from the RCSPs.  These working group discussions are 
valuable in bolstering RCSP knowledge in select topics, as well as providing a venue for 
information exchange, including sharing of lesson learned and best practices.  Materials 
that can contribute to effective outreach are also shared.   
 

For example, the RCSP outreach working group developed a question-and-
answer briefing paper for utilization by the RCSPs in discussions with stakeholders.  The 
working group also participated in a risk communication workshop with FE/NETL staff, 
drawing on findings from the field of risk communication, to help educate RCSPs on 
communicating potentially controversial issues, which may often be the case in 
environmental matters such as those pertaining to carbon sequestration.  As a result of 
these working group meetings, workshops and communications, SECARB and the other 
partnerships are working to ensure that appropriate outreach methods are conveyed 
throughout the RCSPs.  
 
 To supplement this NETL-provided training and education, Augusta Systems 
undertook a baseline analysis of potential negative environmental scenarios that could 
be raised as analogs to carbon sequestration activities.  It was determined to consider 
possible analogs to geologic sequestration (i.e., carbon sequestration in geologic 
formations), which is generally considered to involve more possible public concerns than 
terrestrial sequestration (i.e., carbon sequestration involving trees, plants, soils, etc.).   
 

Research efforts focused on the garnering of data related to recent 
environmental situations, both anthropogenic and naturally occurring, which could arise 
during discussions of geologic sequestration. This investigation pinpointed four 
representative environmental scenarios: a situation involving oil extraction in Longview, 
Texas; a volcanic disaster involving the release of vast amounts of CO2 at Lake Nyos, 
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Cameroon; natural gas leakage in Hutchinson, Kansas; and elevated CO2 levels in 
Western Pennsylvania (See Table 1).  As there are more differences than similarities 
between these incidents and geologic carbon sequestration activities, the four potential 
analogs fail to qualify as true analogs.  However, these scenarios are useful for 
purposes of understanding possible public reactions to environmental incidents and to 
understanding ways to counter possible misapplication of these incidents as carbon 
sequestration comparables. 
 
 This baseline of knowledge and support from the NETL RCSP outreach working 
group, as well as research into potential environmental-incident comparables, provided 
SECARB with a foundation from which to ensure the success of early stage meetings 
and briefings through informative outreach activities, as enumerated further in the 
following section. 
 

C. Early Stage Meetings and Briefings 
 
 As a federal/state energy compact, SSEB hosts a number of activities for 
members during the course of a calendar year, including an SSEB Annual Meeting, an 
SSEB Chairman’s Forum, and a meeting at the Southern Legislative Conference.  These 
meetings have been utilized to facilitate early engagement of partners and stakeholders 
in SECARB, providing significant benefit to the partnership. 
 
 During Phase I, SECARB utilized SSEB as a vehicle for engaging and informing 
thought leaders and stakeholders in the region on SECARB and its goals. Information 
about SECARB was disseminated through various SSEB communications and events, 
including the SSEB Chairman’s Forum, the SSEB Annual Meeting, the Southern 
Legislative Conference Annual Meeting, meetings of the SECARB Technical Team and 
Technology Coalition and the Carbon Sequestration PEIS public scoping meeting held in 
the SECARB region, among others. 
 

The initial meeting of the SECARB Technical Team and Technology Coalition 
occurred in January 2004 in Atlanta, Georgia.  The meeting served to report on the 
status of subcontracts for SECARB, the work effort accomplished following the NETL 
RCSP Kick-off Meeting in November 2003, and to solicit input from Technology Coalition 
stakeholders for the coming months of the activity.  A copy of the agenda from the event 
is attached as Appendix A. 
 

As a result of the decision of SSEB chairman for 2004, West Virginia Governor 
Bob Wise, to host an SSEB Chairman’s Forum focused on carbon management, entitled 
“Regional Meeting on Defining Priority Actions for Voluntary Carbon Management 
Activities in the South,” SECARB had another opportunity to present to stakeholders the 
plans and initial efforts of SECARB.  Speakers at the SSEB Chairman’s Forum included 
representatives from USDOE, NETL, the U.S. Environmental Protection Agency, the 
U.S. Department of State, state governments, private industry, the SECARB Technology 
Coalition, and the SECARB Technical Team.  A copy of the agenda from the SSEB 
Chairman’s Forum is attached as Appendix B. 
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Table 1 - Potential Geologic Carbon Sequestration Analogs 

Location Description Analysis 

Longview, 
Texas 

 
A resident discovered crude oil spilling out from all 

plumbing receptacles within the home.  This incident 
appeared to be the result of household plumbing having 

been connected to a saltwater disposal line, which oil 
companies operated in their extraction process, instead of 

the sewage line.  When the saltwater line experienced 
blockage, it forced oil up through the homeowner’s existing 

plumbing. 
 

 
As this is a unique circumstance related 

to an improper household plumbing 
connection near an oil extraction site, 

there is no correlation to geologic 
sequestration activities. 

 

Lake Nyos, 
Cameroon 

 
Naturally occurring CO2 migration from a volcanic overlying 
lake caused a catastrophic natural disaster that claimed the 
lives of 1800 people, livestock, and animal life as far away 

as 25 kilometers.  Scientists agree that the CO2 was 
produced from the volcano and was similar to a previous 
gas eruption from neighboring Lake Monoun that caused 

the death of 37 people two years previous. 
 

 
This scenario is not an analog to 

geologic sequestration as it involves the 
release of vast amounts of gas resulting 

from volcanic activity and seismic 
instability. 

 

Hutchinson, 
Kansas 

Leakage from a gas storage facility casing resulted in 
natural gas migration and explosions that destroyed 

numerous structures and resulted in the deaths of two 
people.  The source of the natural gas leak was a Kansas 

Gas Service-owned Yaggy salt cavern storage facility, 
seven miles northwest of Hutchinson, of approximately 143 

million cubic feet. 

 
While some could attempt to draw a 

correlation with possible CO2 leakage 
from geologic sequestration, the overall 
lack of structure surrounding the natural 
gas storage field likely would eliminate 

any comparison, as would the 
differences in the gases. 

 

Western 
Pennsylvania 

 
High levels of CO2, which can be hazardous in large 

quantities, were discovered in homes, making several 
residences uninhabitable.  These high concentrations were 

believed to have originated from anthropogenic sources, 
including spoil from reclaimed or abandoned surface coal 
mines; functioning surface mines; deserted underground 

mines; oil and natural gas wells; and reactions of 
abandoned mine drainage with bedrock containing 

carbonate. 
 

 
This scenario has the highest possible 

correlation to geologic carbon 
sequestration.  However, clear 

differences exist, specifically, a lack of 
stringent permitting and safety measures 
associated with the activities believed to 
have produced the dangerous levels of 
CO2.  Stringent permitting of geologic 

sequestration activities, which is a 
foregone conclusion, would alleviate any 

similar concerns.  
 

  
  
 In August 2004, Augusta Systems and the SSEB, on behalf of SECARB, 
provided remarks to a meeting of the Southern Legislative Conference regarding the 
carbon sequestration issues of potential interest to legislators in SECARB and other 
southern states.  A copy of a briefing document distributed along with a power point 
presentation delivered by Augusta Systems is attached as Appendix C.  The SSEB and 
SECARB also provided comments during the NETL Carbon Sequestration PEIS public 
scoping meeting.  A copy of these comments is provided for reference as Appendix D. 
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 Additionally, at a partnership meeting In November 2004, SECARB announced 
its plan to incorporate the Carbon Offset Opportunity Program (CO-OP) into its outreach 
activities and disseminated information about CO-OP to partners, in an effort to further 
educate stakeholders on carbon sequestration.  CO-OP is an Internet-based tool that 
can assist organizations in collaborating to develop projects that offset or reduce GHG 
emissions, including carbon sequestration projects.  A news release regarding this 
announcement is provided as Appendix E. 
 
 These early stage meetings and briefings provided opportunities for SECARB 
stakeholder education and feedback regarding the partnership and carbon sequestration 
in general, input that assisted SECARB in developing an integrated outreach strategy, 
detailed below.  
 
 D. Integrated Outreach Strategy 
 

As a result of the outreach training and research activities and discussions from 
the early stage meetings and briefings, SECARB developed an integrated outreach 
strategy, which served as an initial action plan for the Phase I effort, as required by 
SECARB Subtask 3.2.  The objective of the SECARB Integrated Outreach Strategy was 
to implement an outreach program that connects the value of carbon sequestration 
technologies among multiple constituencies, while pursuing further information on the 
attitudes of these stakeholders toward the partnership and carbon sequestration in 
general.   
 
 In pursuing its outreach efforts, SECARB relied upon the FE/NETL Carbon 
Sequestration Technologies Outreach Plan as a model and guide.  In the plan, FE/NETL 
noted it would: 
 

• Identify the specific audiences or stakeholders relevant to each priority; 
• Identify what is known and unknown about the attitudes, concerns and 

perceptions of those stakeholders regarding sequestration; 
• Where necessary conduct some research to determine attitudes, concerns and 

perceptions; 
• Determine appropriate outreach efforts; and, 
• Where possible use existing materials and efforts to engage stakeholders and 

address concerns, or develop new ones as needed. 
 

Using this template, the SECARB Integrated Outreach Strategy was developed, 
consisting of four key elements – determination of stakeholders and needs; 
establishment of outreach goals, determination of outreach strategies, and initiation of 
outreach activities and on-going evaluation.  These four elements would seek to create a 
unified outreach strategy that would incorporate both internal, which includes SECARB 
Technical Team and Technology Coalition partners, and external components with 
strategies targeted to respective audiences and their needs.  It would create awareness 
and comprehension of the purpose of SECARB as outlined by the objectives of USDOE 
and NETL.  It would advance RCSPs through the distribution of ongoing analysis and 
findings relative to the activities of SECARB initiatives.  As a result of these efforts, 
SECARB outreach under Phase I would serve to further the understanding of carbon 
sequestration technologies as potentially useful solutions. 
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The four elements of the SECARB Integrated Outreach Strategy are defined 
below.  
 
  1. Determination of Stakeholders and Needs  
 

Through its baseline research and training activities and its early stage meetings 
and briefings, SECARB worked to identify the specific audiences or stakeholders 
relevant to SECARB and then identify what is known and unknown about the attitudes, 
concerns and perceptions of those stakeholders regarding sequestration.  To initiate the 
outreach program, SECARB defined the SECARB partners and other stakeholders.  The 
SECARB partners included, among others, the SECARB Technical Team Members, the 
SECARB Technology Coalition Members, USDOE, and others as defined by the 
SECARB leadership.  In addition, the other SECARB stakeholders included SECARB 
regional organizations from industry, environmental nongovernmental organizations 
(NGOs), the public, other special interest groups, academic and research institutions, 
government agencies, and others including stakeholders from beyond the SECARB 
region that could impact activities in the region, such as outside interest groups. 
 

In an effort to begin the most efficient means of communication possible, the 
SECARB team utilized SSEB as a vehicle for engaging and informing stakeholders in 
the southeast of SECARB and its goals – particularly so-called “thought leaders” among 
its membership and event attendees (i.e., influential individuals often knowledgeable on 
subject matter who can serve to shape public opinion).  It was determined preliminarily 
that these thought leaders included industry with emission concerns; relevant industry, 
academic and nonprofit technology research entities; elected officials and regulators; 
and environmental NGOs.  As noted, information about SECARB was disseminated 
through various SSEB communications and events, including the SSEB Chairman’s 
Forum, the SSEB Annual Meeting, the Southern Legislative Conference Annual Meeting, 
meetings of the SECARB Technical Team and Technology Coalition, and the Carbon 
Sequestration Programmatic Environmental Impact Statement (PEIS) public scoping 
meeting held in the SECARB region, among others. 
 

Through these initial dialogues, SECARB determined a disparity in the level of 
familiarity with carbon sequestration, even among the thought-leader audiences, and 
concluded that further, focused, in-depth research would be required to better determine 
attitudes, concerns and perceptions that could assist in further SECARB outreach 
efforts.  As the thought leaders engaged believed the general public to be virtually 
unaware of carbon sequestration at this stage, SECARB determined that focused 
research limited to the stakeholder/thought leader audience would be of most value to 
SECARB’s outreach strategy.   

 
In consultation with thought leaders, SECARB determined that further research 

should involve a limited number or stakeholder groups, specifically: industry leaders, 
environmental NGOs, and regulators / government representatives. 

 
SECARB determined key reasons existed for the engagement of these 

stakeholders in the initial research effort.  Specifically, the partnership believed that 
research into attitudes from industry was a crucial initial goal as carbon sequestration 
would ultimately be a technology that corporations would use to manage their emissions.  
Their position on carbon sequestration, in itself, could impact whether the technology is 
deployed in the marketplace.  Secondly, SECARB believed that the input of 
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environmental NGOs was important as these organizations take a keen interest in the 
impact of energy technologies and activities upon the environment, and often engage in 
membership activism, media outreach or even litigation to oppose those technologies 
and activities with which they disagree.  Finally, SECARB believed that engagement with 
state regulators and related officials was important to gain a more thorough 
understanding of the environmental history of the region, that is, the trials and 
tribulations involving energy and environmental field projects that require state permits (a 
likely issue with geologic carbon sequestration efforts), and thus may face various 
hurdles to implementation. 

 
This determination of stakeholders and needs permitted SECARB to establish 

outreach goals, which are defined below. 
 
  2. Establishment of Outreach Goals 
 
 Building upon the determination of stakeholders needs and the understanding 
that further in-depth research was required, SECARB established goals for its outreach 
efforts.  These five goals would support the objectives of USDOE, NETL, and SECARB 
in generating understanding of carbon sequestration technologies among stakeholders 
(See Table 2).  Upon establishment of these goals, SECARB worked to develop specific 
outreach strategies upon which the goals could be implemented. 
 
 

 
Table 2 – Outreach Goals 

 
 

Goal Description 

1 

 
Establish a foundation for on-going dialogue with stakeholders through initial                     

opinion research activities* 
 

 
 

2 

 
Utilize established opinion research methods to gain an understanding of the attitudes, perceptions 

and concerns of two specific sets of stakeholders: industry and environmental NGOs* 
 

 
3 
 

 
Utilize established opinion research methods to gain an understanding of the environmental history 

of the region through discussions with a specific set of stakeholders: state regulators* 
 

 
4 
 

Analyze the findings of the opinion research activities* 

 
5 
 

Develop an informed action plan for further outreach based upon the analysis** 

* Discussed in greater depth in Section E   ** Discussed in greater depth in Section F 
 
 

3. Determination of Outreach Strategies 
 

Following the formal establishment of outreach goals, specific outreach 
strategies related to those goals were determined.  The outreach strategies sought to 

DE-FC26-03NT41980

SECARB Deliverables Appendix Document
Volume I

Page 146 of 548



 
 

16

provide a framework through which specific outreach mechanisms and implementation 
methodologies could develop.  Each strategy was given an appropriate timeline for 
completion (See Table 3).  Success in pursuing these outreach strategies would position 
SECARB for success in the formal initiation of outreach during Phase 2 field work, as 
well as on-going evaluation of these activities, as described below. 

 
 

Table 3 – Outreach Strategies 

Strategy Description 
 

Timeline 
 

1 

 
Conduct research to determine the most effective and useful participants (from the 

three relevant stakeholder categories) with which to engage in opinion research 
activities so as to ensure that dialogues would begin with the most appropriate 

stakeholders*  
 

Quarters 2 & 
3, 2004 

2 

 
Plan, develop, and implement a focus group consisting of representatives from 

industry from the SECARB region* 
 

Quarters 3 & 
4, 2004 

 
3 
 

 
Plan, develop, and implement a series of in-depth interviews with representatives 

from environmental NGOs from the SECARB region*  
 

 
Quarter 4, 

2004 & 
Quarter 1, 

2005 
 

 
4 
 

 
Plan, develop, and implement a series of in-depth interviews with state regulators 

from the SECARB region* 
 

Quarters 1 & 
2, 2005 

 
5 
 

Prepare summaries of findings for each opinion research activity*  

 
Upon 

completion 
of activity 

 

 
6 
 

 
Synthesize the summaries of findings and all relevant data into an Action Plan for 

Public Involvement, Education and Acceptance for SECARB, as called for by 
Subtask 6.5 of the SECARB proposal.  Such an action plan would consist of 

outreach resources, such as stakeholder prioritization, outreach message 
development, and outreach infrastructure development (i.e., suggested vehicles for 

outreach) ** 
 

Quarters 2 & 
3, 2005 

* Discussed in greater depth in Section E   ** Discussed in greater depth in Section F 
 
 
4. Formal Initiation of Outreach and On-going Evaluation 

 
Completion of the outreach strategies would position SECARB for successful roll-

out, implementation and refinement of the Action Plan for Public Involvement, Education, 
and Acceptance called for by Subtask 6.5 of the SECARB proposal.  Utilizing the 
recommendations of the action plan, gained through the course of outreach research 
activities, as referenced above, will be critical during partnership outreach efforts during 
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Phase II field work.  The action plan is discussed in greater detail in Section F of this 
report.   

 
Additionally, prior to the initiation of action plan activities, SECARB determined 

that continued initial outreach activities would be warranted to ensure the continuation of 
initial public education and involvement.  These activities included dissemination of 
information pertaining to SECARB at events, including the North American Power 
Markets Conference, the Energy and Mineral Law Foundation Winter Workshop on 
Energy Law, and The Energy Council’s 2005 State and Provincial Trends in Energy and 
the Environment Conference, as well as placement of a news article featuring SECARB 
in a leading regional trade publication, Coal Leader.  These activities are reflected in 
Appendices F through I.   

 
The following section provides further insight into the opinion research activities 

undertaken as part of the SECARB Integrated Outreach Strategy.   
 

E. Stakeholder Analysis: In-Depth Research Activities 
 
As noted, SECARB determined that further research was required to gain 

knowledge regarding the attitudes, perceptions, and concerns of stakeholders.  An 
important pre-condition, as reflected in Strategy 1, was to conduct research to determine 
the most effective and useful participants – among the relevant stakeholder groups of 
industry, environmental NGOs and state regulators -- with which to engage in opinion 
research activities so as to ensure that dialogues would begin with the most appropriate 
stakeholders.  As reflected in Goal 1, such an effort would ensure that a firm foundation 
for ongoing SECARB dialogue with relevant stakeholders was developed 

 
For further research into industry, SECARB determined that the most useful list 

from which to draw relevant stakeholders would be the associate membership rolls of 
SSEB.  SSEB’s associate member program facilitates cooperation between SSEB and 
non-governmental organizations such as corporations, industry associations, universities 
and public interest groups, thus providing a forum for the exchange of ideas by state 
officials and private-sector representatives.  As these members are primarily regional 
industry leaders with a familiarity with SSEB and a general knowledge of energy and 
environmental issues, including, likely, carbon sequestration, it was determined that their 
participation and insight would be advantageous to SECARB and the overall goals of the 
RCSPs.  It is important to note the associate member representatives are primarily 
public affairs executives within their respective organizations, as opposed to research or 
technical personnel.  SECARB viewed this as desirable to its outreach research since 
these individuals would have a first-hand understanding of outreach, including the ways 
in which technologies must be communicated to the public. 
  

Regarding environmental NGOs, following discussions with the RCSP outreach 
working group, SECARB determined that it would draw from the membership of the U.S. 
Climate Action Network (USCAN) for in-depth interview discussions.  Consisting of more 
than 40 environmental, development and energy NGOs, USCAN is a network that works 
to promote government, corporate, community and individual action to address climate 
change.  As its members are among the most active in climate change efforts, include 
representatives from the SECARB region, and likely would have general knowledge of 
carbon sequestration, the partnership believed it to be an ideal group for further research 
and discussion. 
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 Regarding the environmental history discussions with state regulators, SECARB 
determined that it would draw upon SSEB’s contact list of state energy and 
environmental officials.  With this group, initial knowledge of carbon sequestration was 
not critical to the research effort.  Knowledge of state regulatory and environmental 
issues within the SECARB region was the prime consideration.  Utilizing SSEB’s contact 
list was determined to be the most direct route to facilitate scheduled discussions. 
 
 Determination of the most appropriate stakeholders allowed for implementation 
of the remaining outreach strategies, as described below. 
 
  1. SECARB Regional Perceptions of Carbon Sequestration 
 
 The objective of research into SECARB regional perceptions of carbon 
sequestration was to determine and evaluate the attitudes, perceptions, and concerns of 
key stakeholders from industry and environmental NGOs regarding carbon sequestration 
issues.  The primary goals of the research were to assess awareness and understanding 
of carbon sequestration and identify any possible barriers or challenges to carbon 
sequestration.  Specific discussion of the two efforts is found below. 
 
   a. Industry Focus Group   
 
 As noted above, SECARB determined that SSEB’s associate members would be 
best positioned for an opinion research effort involving industry.  It was further 
determined that a focus group coinciding with an SSEB meeting would prove the most 
efficient and cost effective vehicle for pursing this research effort.  Focus groups are a 
form of qualitative research used to evaluate general attitudes, opinions, and reactions 
to issues, messages, and strategies.  Consisting of sets of eight to twelve people, focus 
groups are convened by a moderator who encourages participants to talk freely — 
usually about a specific issue.  A focus group is not a cross section of the population, but 
a homogeneous cluster of people who come from a particular market segment or who 
share demographic characteristics.  Focus groups are often used to evaluate 
advertising, test new product ideas, and explore motivation.  The strength of focus 
groups is the qualitative information they provide on the deeper attitudes, beliefs, and 
feelings that people hold.  Because of the characteristics of a focus group, the results 
are considered directional rather than representative of a specific segment of the 
population.   
 

For its focus group, SECARB chose the 44th Annual Meeting of the SSEB in 
Richmond, Virginia, as an appropriate venue for the research.  RMS Strategies 
conducted the planning and structuring of the focus group activities with the assistance 
of Augusta Systems and the SSEB.  Working with representatives from Augusta 
Systems and the SSEB, RMS Strategies designed an invitation (See Appendix J), an 
agenda (See Appendix K), a focus group discussion guide (See Appendix L), and 
worksheet that serves to stimulate discussion (See Appendix M) and conducted the 
focus group research.     
 
 Led by an RMS Strategies moderator, a focus group of nine participants 
representing industry within the SECARB region met for two hours on September 12, 
2004, to discuss carbon sequestration.  The moderator led the participants in a series of 
discussions that led from the general (overall environmental issues and challenges 
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facing organizations) to the specific (thoughts on the usefulness of carbon sequestration 
and effective ways in which to communicate the technology).   
 
 An analysis of the two-hour discussion yielded the following key findings (See 
Appendix N): 
 

1. Industry leaders, in particular power generators and trade associations, are 
aware of the goals of carbon sequestration and the sciences and 
technologies pertaining to carbon sequestration.  This is driven by: 

 
• Active participation by represented organizations in carbon 

sequestration efforts. 
 

• Increased organizational awareness of/focus on climate change 
issues. 

 
• Heightened “colleague to colleague” discussions regarding carbon 

sequestration in recent years, including joint carbon sequestration 
activities.  

 
• Increased media attention, mostly in the energy industry trade media. 

 
• The RCSPs in general and SECARB specifically, which were cited as 

important to industry awareness through “learning by doing.”   
 

2. In most organizations represented, corporate environmental policy is 
established or set by the organization’s leader (i.e. Chief Executive 
Officer/President).  However, the process to inform and assist his/her 
decision making process can vary:  
 

• While all stated that CEOs pay particular attention to the 
environmental issues or challenges faced by his or her company, they 
noted that some CEOS will more actively give directives to his/her 
environmental team based upon a desired course.  
 

• In other organizations, the CEO expects his/her environmental team 
to evaluate and make recommendations regarding environmental 
policy.  At that point, the CEO will make the ultimate decision which 
sets environmental policy and goals.   
 

• Shareholders, and the pressure they sometimes place on 
corporations regarding environmental issues, should not be 
discounted as it appears to factor into the decision making process in 
some instances.   
 

3. Industry leaders are far less aware of who is currently coordinating carbon 
sequestration efforts from either a national or local perspective. 
 

4. In terms of who should be coordinating these efforts, industry leaders believe 
USDOE is best suited.  This is largely because, as the federal agency with 
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the greatest information pertaining to carbon sequestration, the department 
will be better equipped to provide management and oversight.  However, 
partnership organizations such as SSEB, have credibility among these 
industry leaders to administer and communicate about sequestration 
programs.   

 
5. As most perceive the energy industry to be in constant flux due to regulatory 

uncertainty (and believe this holds particularly true in regards to all issues 
pertaining to climate change), they have not necessarily embraced carbon 
sequestration as a long-term solution.  Greater communication with industry 
may help, such as providing information on the “economic, environmental and 
social benefits,” but the key for industry to embrace carbon sequestration 
(and GHG mitigation programs in general) as a long-term solution is scientific 
and regulatory certainty.   
 

6. While the GHG mitigation potential of carbon sequestration is important, the 
cost of individual efforts seems to be the primary concern driving climate 
change strategies.  

 
7. The cost benefits of carbon sequestration must be demonstrable and 

communicated to relevant industry leaders in order to solidify support for such 
efforts.  Unanimously, focus group participants agreed: it will be very difficult 
for their organizations to participate in most climate change efforts without 
demonstrable cost benefits.  Possible efforts that could influence 
organizational decision making regarding sequestration and cost benefits 
include: 

 
• Carbon offset and trading programs are perceived as potential 

positives that can reduce the cost of activities. 
 

• Terrestrial sequestration efforts that coincide with organizational land 
management practices are seen as potential positives that reduce the 
cost of activities. 
  

8. Industry leaders do not have a great deal of trust and confidence in the 
environmental community to support a long-term carbon sequestration 
initiative. Specifically:    

 
• Most are skeptical due to their previous experiences with the 

environmental community.  
 

• Some believe that the environmental community will ultimately fail to 
embrace sequestration because of the possibilities that sequestration 
could allow for the continued use of fossil fuels for power generation. 

 
• While they are not hopeful of environmental community support, this 

is not to imply that they would not welcome such participation.   
 

• Despite any skepticism they may have, they believe carbon 
sequestration must be properly communicated and that supportive 
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environmental groups must be engaged to creative a positive public 
environment for these activities. 

 
9. Industry leaders understand the need to market and promote the benefits of 

carbon sequestration to the general public.  However, they are unlikely to 
undertake these activities themselves and, further, feel that their positive 
environmental actions go unnoticed by the media (in some cases because 
little was done to promote these positive steps). 

 
10. A major internal (industry-specific) communications effort is warranted.  The 

communications efforts should include:  
 

• Information on the economic, environmental and social benefits of 
carbon sequestration.  This should include the cost-benefits of carbon 
sequestration to a particular industry or company. 

 
• A credible and known messenger such as SSEB or USDOE.   

 
• A clear and definitive long-term strategy coupled with regular 

“progress” reports.  
 

• Assistance in understanding the regulatory landscape of carbon 
sequestration in the immediate and long term to bring about a 
measure of certainty for industry.  
 

• Coordination with local and national environmental groups/interests.  
 

• A central source to assist in positive communications regarding 
carbon sequestration at the local level (i.e. public relations efforts not 
just from a national perspective but at the local level also to avoid 
NIMBYism).   

 
These results were integrated with further research efforts involving 

environmental NGOs (see below) in the development of the discussed action plan. 
 
   b. Environmental NGO In-depth interviews 
 
   As noted above, SECARB determined that members of USCAN would be best 
positioned for an opinion research effort involving environmental NGOs.  Due to the 
possible costs involved in bringing together these representatives for a focus group 
discussion, individual telephone discussions were determined to be the most efficient 
and cost effective vehicle for pursuing research into attitudes, perceptions and concerns 
of environmental NGOs.  In-depth interviews are a form of qualitative research used to 
evaluate general attitudes, opinions, and reactions to issues, messages, and strategies.  
The in-depth interview, while focused, is discursive and allows the researcher and 
respondent to explore an issue.  The results of this research are considered directional 
rather than representative of a specific segment of the population.     
 

RMS Strategies conducted the planning and structuring of the interview 
discussions with the assistance of Augusta Systems and the SSEB.  Working with 
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representatives from Augusta Systems and the SSEB, RMS Strategies designed an 
invitation (See Appendix O) and an interview discussion guide (See Appendix P) and 
conducted the interviews.     
 
 RMS Strategies conducting a series of one-on-one telephone discussions with 
seven NGO representatives during February 2005.  The interviewers discussed topics 
ranging from the general (environmental focus areas for the organizations) to the 
specific (opinions on carbon sequestration as a climate change mitigation option).   
 

An analysis of the interviews yielded the following key findings (See Appendix Q): 
 
• Environmental groups and organizations have moderate awareness of the 

concept of carbon sequestration.  However, awareness of specific carbon 
sequestration efforts or practices from a regional or national perspective is far 
lower.     

 
• Environmental groups and organizations generally establish their strategies 

and issues among small groups of leaders within that organization (i.e. board, 
advisory council, executive director).  Specific issues are usually categorized 
within broader issue areas put forth by the organization (i.e. clean air 
initiatives, clean water, fossil fuels).  Several factors have influence upon 
these organizations when determining to become involved in an issue or not.  
Several environmental leaders evaluate issues based on the broad reaching 
nature or impact of the associated policies.  If the policies are broad reaching 
with the ability to impact a great audience, the likelihood an environmental 
group will become involved is greater.  Groups also tend to evaluate if an 
issue is “winnable.”  They choose to endeavor in issues which they are 
confident they can impact the outcome.  Most groups have moderate to low 
financial resources to allocate to specific causes.  Therefore, they want to 
have a degree of confidence they can spend the money accordingly and only 
on issues they determine they can champion.  Also, environmental 
organizations will assess if any of their cohorts or industry colleagues and 
organizations have ownership roles on a particular issue.  If an organization 
has already defined itself as the environmental lobby’s leader on a particular 
issue, it is far more likely other organizations will serve in supporting roles to 
the leader of the issue.  Lastly, these organizations rarely set their agendas 
based on a specific piece of legislation or policy.  Most seek flexibility in their 
agendas.   

 
• No organization representatives described their relationships with industry 

and corporate citizens as adversarial or acrimonious.  In fact, most said they 
had cordial relationship with these entities which is not to imply they agree 
with them on the majority of issues.  Companies and industry representatives 
who open their doors to environmental groups and include them in pertinent 
dialogues are generally viewed more favorably by the environmental lobby.  A 
little communication can and does go a long way.  Less favorable 
impressions of industry are created when that industry segment is seen as 
disinterested in dialogue with the environmental groups or exclusionary.  
Environmental representatives do not believe or expect their agendas to be 
adopted in whole by industry and corporations.  However, they do believe 
industry could work harder to include them in planning and strategy on major 
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projects that will certainly have environmental impacts.  Usually, 
environmental groups believe industry representatives to not want to “reach 
out” and as a result the groups with whom we spoke tend to view them more 
skeptically.   

 
• Because of limited resources, environmental groups use the media to gain 

exposure and attention for their issues.  It should be noted that these groups 
work extremely hard to build relationships with local and regional members of 
the media (broadcast, print, radio).  They use these relationships when they 
are pitching their major issues and agenda items.  Other outreach efforts are 
of the grassroots nature.  It is not uncommon for the representatives to 
discuss door-to-door campaigns, telephone banks, letter writing, and 
pickets/protests as other means by which they communicate their messages.  
Advertising, save Internet websites and email, is generally a very low priority 
as means of communications for these groups.  Usually this is a result of 
limited financial resources.   

 
• Third party-based research or research conducted by the environmental 

organizations is the preferred method by which these groups become familiar 
with an issue.  Research studies or projects conducted by industry generally 
have little credibility with these groups.  Government research projects also 
have a great deal of credibility with these organizations and are important in 
their education process.  Often times, environmental organizations will share 
research and studies they have conducted with their colleagues.   

 
• Carbon sequestration is known conceptually among environmental 

organizations in the southeastern region of the United States.  However, 
specific applications, functions, processes, et cetera, are still unknown.  
Because there is such uncertainty regarding the process and plans, 
environmental groups are taking a wait-and-see approach.  Most have 
gathered information from media and industry “chatter” but have seen no 
formal proposals or independent research regarding carbon sequestration.  
Without question, environmental representatives agree that any effort to 
reduce carbon emissions is noble and needed, yet they are less confident in 
the success of efforts to sequester carbon.  Some repeated questions from 
these representatives included: What amount of carbon can be captured? 
Where and how will it be stored? For how long can it be stored? What 
environmental impact will sequestration have on the oceans, forests and 
ground?  It is fair to conclude that environmental groups are interested in the 
possibility of carbon sequestration as part of a solution to emissions but, until 
technical questions are answered, they remain uncommitted to supporting the 
effort.  The majority expect carbon sequestration to become a bigger and 
more prominent issue during the next few years.  To be successful it is 
important to educate and include environmental organizations in the on-going 
planning and implementation of carbon sequestration efforts.  Addressing 
concerns these groups have regarding the technical side of this equation is 
paramount.  In order to gain initial credibility, education should come in the 
form of third party research efforts, government studies and explanations and 
in the spirit of inclusion.   
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These results were integrated with further research efforts involving state 
environmental histories (see below) in the development of the discussed action plan. 
 
  2. SECARB Region Environmental History Research 
 
 Clearly, the paths that have been tread before play an important role in 
determining what courses may be taken in the future.  To support efforts to ascertain the 
appropriate outreach strategies and mechanisms that should be employed to assist with 
wide-scale carbon sequestration deployment in the SECARB region, The Phillips Group, 
with the assistance of Augusta Systems and the SSEB, conducted a research effort to 
determine the environmental history of each state within the SECARB region.   
 

Through this survey, SECARB sought to gain knowledge of the environmental 
issues unique to each state in the SECARB region to better understand how these 
issues may relate to regional and national carbon sequestration efforts.  This research 
took the form of a telephone interviews with state energy and environmental, including 
regulatory, officials. 
 

As noted above, SECARB determined that SSEB’s contacts would be best list to 
tap for a research effort involving state energy and environmental officials.  As the 
research would entail specific examinations of state environmental histories, individual 
telephone discussions were determined to be the most efficient and cost-effective 
vehicle for pursuing research into state environmental histories.       
 

The Phillips Group conducted the planning and structuring of the interview 
discussions with the assistance of Augusta Systems and the SSEB.  Working with 
representatives from Augusta Systems and the SSEB, The Phillips Group designed an 
invitation (See Appendix R) and an interview discussion guide (See Appendix S) and 
conducted the interviews.     
 
 The Phillips Group conducted a series of one-on-one telephone discussions with 
10 state energy or environmental representatives from November 2004 to February 
2005.  An analysis of the interviews yielded the following key findings (See Appendix T): 
 

• Interviewees strongly urged the active involvement of environmental groups 
on energy-related projects (such as permitting, current and new project 
development and research initiatives).  Early and ongoing education was 
suggested in order to minimize controversy and negative perception of 
projects.  Some representatives stated that positive relations with 
environmental groups had occurred in the past primarily because the groups 
were actively involved in decision-making processes and aware of significant 
issues and projects.  Interviewees noted the following as issues with high 
sensitivity to environmental and citizen groups: energy consumer rate 
increases, merchant plants, pollution and air quality, facility siting and nuclear 
and processing plants. 

 
• A lack of public awareness toward most energy-related projects was noted by 

many interview participants.  Most felt the general public had very little, if any, 
understanding of carbon sequestration, specifically.  Again, they 
communicated the need for public education and awareness in gaining and 
maintaining public support for energy initiatives. 
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• Of those states in which natural resource extraction projects were possible or 

likely, respondents felt these projects would be perceived as favorable 
because of the economic benefits (i.e., job creation).   

 
• In discussing hurdles to energy generation and environmental protection 

within their states, interviewees responded with similar answers in both 
areas.  The most predominant barriers cited were: (lack of) infrastructure, 
high cost, resources (manpower and money), low awareness and public 
perception, stringent regulations and management of federal regulations and 
achieving a balance between economic and environmental. 

 
• Air quality (from auto and coal-fired emissions) was overwhelmingly sited as 

the most contentious energy generation/environmental protection issue. 
 

As with the other research activities, these efforts were utilized in the 
development of the referenced action plan, reflected in the following section, Outreach 
Resources. 
 

F. Outreach Resources 
 

Following the completion of the research activities and the determination of key 
findings from those efforts, SECARB set out to synthesize the summaries of findings and 
all relevant data into an Action Plan for Public Involvement, Education and Acceptance 
for SECARB, as called for by Subtask 6.5 of the SECARB proposal.  The action plan is 
reflected in this section, Outreach Resources.   

 
As SECARB will undertake multiple field activities under Phase II, there 

consequently will be multiple, site-location-specific outreach activities.  These activities 
will be undertaken by SECARB Technical Team members at each field work location, 
with overall outreach coordination by SSEB.  This action plan seeks to provide an 
overall, directional outreach frame work under which individual site-location-specific 
outreach activities can occur.  Specifically, under Phase II, SECARB will be required to 
develop site-specific action plans for each field project describing the specific efforts to 
inform and educate the public.  This action plan can form the framework for these 
subsequent planning activities. 

 
This section, Outreach Resources, is divided into sub-sections, each of which will 

assist SECARB in moving forward with outreach under Phase II carbon sequestration 
field work.  These sub-sections include: stakeholder prioritization, message 
development, and outreach infrastructure development, as outlined below. 
 
  1. Stakeholder Prioritization 
 
 Ultimately, all those in any way interested or affected by carbon sequestration, as 
reflected by SECARB field activities under Phase II, are stakeholders in the SECARB 
effort.  Actively engaging these stakeholders as participants in SECARB, as opposed to 
observers, can help SECARB to understand any possible concerns and then develop 
mutually acceptable means of addressing those concerns.  A first step is determining the 
specific stakeholder groups.  These groups are defined in Table 4. 
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Table 4 – Stakeholders 
 

Stakeholder 
 

Description 
 

 
Elected Officials 

 

 
Elected representatives of the public, including 

members of Congress, governors, state legislators, 
mayors and county executives, city and county 

legislative bodies, and others 
 

 
Environmental NGOs 

 

 
Non-governmental organizations, often not-for-profit, 

sometimes membership driven, focused upon 
environmental protection and related topics 

  

 
General Public 

 

 
Individual citizens, members of churches or clubs, 

property abutters of field sites, students, and others 
 

 
Industry Leaders 

 

 
Executives of businesses engaged in power 

generation, natural resources extraction, 
manufacturing, and others, and executives of 

business and trade associations    
 

 
News Media 

 

 
Broadcast, electronic, print, and radio news 

organizations 
 

 
Regulators / Government Representatives 

 

 
Government officials charged with regulating energy 
or environmental activities or who focus upon these 

activities 
 

 
 

There is also a need to prioritize the order in which stakeholder outreach is 
undertaken to ensure the most efficient and effective stakeholder communications.  
Based upon the analysis of the research findings, SECARB has divided stakeholders 
into two tiers of outreach.  SECARB will engage in outreach with the two tiers in 
sequential order.  The first tier reflects those stakeholders in which outreach should 
occur as soon as possible, preferably before the initiation of actual field activities.  These 
are stakeholders who can have impact upon the acceptance or rejection of the project by 
other stakeholders.  The second tier reflects stakeholders who can impact the project 
themselves, but can also be impacted by the opinions of tier-one stakeholders.  These 
tiers are reflected as follows: 
 

a. Tier One Stakeholders 
 
 As noted, tier one stakeholders reflect those with whom dialogue must begin as 
soon as possible.  These are presented in Table 5. 
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Table 5 – Tier One Stakeholders 

 
 

Stakeholder 
 

Impact on SECARB 

 
Elected Officials 

 

 
Elected officials are concerned with issues affecting the economy, public safety and 

the environment.  As carbon sequestration potentially impacts all three areas, 
stakeholder engagement is crucial.  Elected officials have great credibility with a 
variety of stakeholders and can have an impact on public perception of carbon 

sequestration.  
 

 
Environmental 

NGOs 
 

 
NGOs that focus on national, state and local energy and environmental issues must 

become early stakeholders in field activities to ensure an open dialogue with 
SECARB.  These groups can exist at all levels and engage in different focus areas.  

Strained relationships with environmental groups, and the subsequent legal, 
grassroots and media activities which follow, often result from failure to engage 

NGOs as interested participants. 
 

 
Industry Leaders 

 

 
Businesses and business groups from the national to local levels, as potential 

supporters of carbon sequestration, can have an impact on public perceptions of 
carbon sequestration.  Engaging these stakeholders in dialogues regarding the 

possible benefits of carbon sequestration can assist in generating support for field 
activities. 

 

 
Regulators / 
Government 

Representatives 
 

 
Since many regulatory issues involving sequestration permitting have not been 

resolved, outreach to these stakeholders is important.  It should be noted that these 
stakeholders will likely be at the state level.  An initial debate focuses on whether 
sequestration wells should be regulated as Class I or Class II wells, or some other 
category. The implications of being regulated as hazardous material are significant 
in terms of the cost and level of public concern.  An issue for consideration is the 

extent to which each state will determine its own regulatory stance towards 
sequestration versus a common approach set by the federal government. 

 
 
 

b. Tier Two Stakeholders 
 
 As noted, tier two stakeholders reflect those with whom dialogue must begin 
following the engagement of Tier One stakeholders.  These are presented in Table 6. 
 

The determination of stakeholder prioritization serves to provide a useful 
framework through which SECARB can craft an easily understood identity for 
presentation to stakeholders, as discussed below. 

 
2. Message Development 

 
With technical projects of this nature, the answer to a question such as “What is 

SECARB?” can become overloaded with facts and figures, which may fail to provide the 
inquirer with the basic information he or she needs to make an informed decision 
regarding SECARB.  Based upon the research activities, SECARB sought to define the 
key, basic features of SECARB that would be necessary to communicate to 
stakeholders in order to assist them in gaining an understanding of the partnership.  (It 
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should be noted that these key points regard important messages that should be 
conveyed regarding SECARB and its field activities.  They are not an exhaustive set of 
possible stakeholder questions and answers regarding the nuances and techniques 
utilized in carbon sequestration.  Such detailed information was developed through the 
RCSP outreach working group and is available in Appendices U and V).   

 
 

  
Table 6 – Tier Two Stakeholders 

 
 

Stakeholder 
 

Impact on SECARB 

 
General Public 

 

 
The general public is ultimately the group that must become stakeholders in carbon 

sequestration and accept it as an environmental solution.  There are several 
important forums to interact with the general public to increase their knowledge 

about sequestration issues, including schools, local clubs and churches.  It is also 
critical to interact with individual citizens who may have special environmental, 

health or safety concerns, including those whose property adjoins a field site, and 
other involved citizens.  The general public is categorized as a Tier Two stakeholder 
because the technical nature of sequestration, and the uncertainty and opportunity it 

contains, must first be conveyed to Tier One stakeholders who will likely serve to 
impact the opinions of the general public. 

     

 
News Media 

 

 
The news media can play a major role in communicating the opportunities of carbon 
sequestration to a wider audience and therefore must be considered a stakeholder 

in this effort.  It is categorized as a Tier Two stakeholder because the technical 
nature of sequestration, and the uncertainty and opportunity it contains, must first be 

conveyed to Tier One stakeholders who will likely serve as sources and 
spokespersons in media coverage.  While there may be temptations to trumpet 

carbon sequestration activities via the news media, it would be a mistake, from a 
stakeholder engagement perspective, for a Tier One stakeholder to learn about 

SECARB activities through the news media, and not directly from SECARB through 
its outreach channels. 

 
 
 
 In particular, the research findings yielded insight into a few areas of concern for 
stakeholders, which were utilized in the message development process.  These areas of 
concern involved: 
 

• Clarity regarding coordination of carbon sequestration efforts 
 
• Credibility of those undertaking carbon sequestration efforts 

 
• Sufficient communication of possible benefits of carbon sequestration to 

stakeholders 
 

• Carbon sequestration as a competitor to other climate change mitigation 
technologies or approaches 

 
• Ensuring the involvement of environmental NGOs in the decision making 

process 
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• Sufficient communication of technical aspects of carbon sequestration to 
stakeholders 

 
• Scientific and regulatory uncertainty 

 
• The cost of organizational implementation of carbon sequestration 

 
 

An analysis of these concerns yielded the following key message points for 
SECARB: 
    

• Climate change solution 
 

o Carbon sequestration is a promising option for meeting the challenge 
of climate change.  Carbon sequestration involves the capture and 
storage of CO2, the most prevalent greenhouse gas, in trees, soils 
and geologic formations.  

  
o Carbon sequestration is not the only possible solution to climate 

change, but is one of many solutions under research and 
consideration by USDOE, including renewable energy and energy 
efficiency activities.  Studies note that all of these solutions likely will 
be necessary to meet the challenges posed by climate change. 

 
• Unbiased research 
 

o SECARB is an unbiased research effort funded by the federal 
government through the USDOE and conducted by nonprofit 
organizations, university research institutions, and their partners. 

 
o SECARB seeks to determine whether carbon sequestration can be an 

efficient, effective, affordable, and safe option for governments, 
businesses, and the public to meet the challenge of climate change. 

 
o SECARB seeks to research the possible environmental, economic, 

and social benefits of carbon sequestration. 
 

• Transparent 
 

o SECARB is committed to a transparent, open and on-going dialogue 
with all interested parties, most importantly in communities in which 
research will occur.  All interested parties are stakeholders in 
SECARB. 

 
• Safe and accountable 

 
o SECARB is working with state officials to ensure its research activities 

meet all safety and permitting requirements and is accountable to the 
public.   
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• Proven methods 
 

o While SECARB is a new research effort, it will utilize proven methods 
to capture and store gas, such as safe and effective gas injection and 
transportation methods. 

 
• Jobs and the economy 

 
o Carbon sequestration may prove to be an opportunity for meeting the 

challenge of climate change while protecting jobs in fossil fuel, 
industries, manufacturing, etc. 

 
o SECARB research is conducted by local researchers, which helps to 

expand local research capacity and  opportunities in an important new 
field. 

 
With an understanding of stakeholder prioritization and the messages to be 

conveyed, SECARB sought to develop an appropriate outreach infrastructure, as 
discussed below. 
 

3. Outreach Infrastructure Development 
 

If stakeholder prioritization determines who SECARB must communicate with, 
and message development helps to determine what SECARB must communicate, an 
outreach infrastructure can help to define how SECARB will communicate.  In general, 
there are numerous means through which SECARB can communicate its messages to 
stakeholders.  These include such channels as: advertising, briefing papers, brochures, 
conferences, direct correspondence (e-mail, letters), fact sheets, forums, maps, media 
releases, newsletters, presentations, progress reports, web logs (blogs) and web sites.  
In many cases, these methods can and should be customized depending upon the 
stakeholder audience.  The methods are briefly defined in Table 7. 

 
As each field-site team will develop specific action plans and undertake research 

activities most relevant to its locality, the specific outreach methodology may vary.  
However, Table 8 suggests possible outreach methods most suitable to SECARB’s 
prioritized stakeholder groups.  The table indicates the applicability of specific outreach 
methods to specific audiences, as well as whether such a methods could be customized 
to meet the unique informational requirements of specific stakeholders, as indicated by 
an “X.” 

 
While ultimate utilization of these tools will be determinant upon the needs of 

Phase  II field-sites, it should be noted that the opinion research efforts indicated at least 
two specific outreach needs that should be considered when determining the outreach 
channels to be utilized under Phase II efforts: 

 
• Environmental NGOs expressed a desire to learn more about the technical 

details of carbon sequestration, while both industry leaders and state 
regulators stressed the importance of keeping this stakeholder group 
informed.  This would suggest the desirability of a focused attempt at 
educating environmental NGOs on technical matters in general and on field 
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site-specific technical details.  Such an attempt may involve individualized 
briefing reports and/or conferences. 

 
• Industry leaders expressed a desire to learn more about how carbon 

sequestration can become a cost-effective option for climate change 
solutions.  This would suggest the desirability of a focused attempt to educate 
industry on opportunities for utilization of carbon sequestration technologies.  
CO-OP, as a platform for collaborative carbon sequestration project 
development already embraced by SECARB, would be a useful tool for 
engaging industry on this front during Phase II activities. 

 
4. Additional Resources 

 
While the outreach methods themselves, from regulator briefing papers to public 

forums to field-project web sites, will be prepared and conducted by SECARB, there also 
may be requirements for SECARB to seek out information pertaining to outreach 
opportunities.  While there are resources that may require paid subscriptions, the 
following are additional, free resources that may prove advantageous to SECARB’s 
outreach efforts: 

 
• Conference Lists: 
 

o The Environmental Expert Events Calendar is a comprehensive 
database of environmental events on the web, useful in highlighting 
opportunities for SECARB presentations.  The calendar is available at 
http://www.environmental-expert.com/events.asp. 

 
o The Ultimate Trade Show Directory is a comprehensive database of 

exhibitor events on the web, also useful in highlighting opportunities 
for SECARB presentations.  The directory is available at 
http://www.tsnn.com/.  

 
• Media Lists: 
 

o Cap Wiz is a comprehensive database of media outlets, by 
geographic location.  Where information is available, Cap Wiz lists 
useful information about the media outlet, including contact 
information and key personnel, without having to visit the outlet’s web 
site.  This could prove useful to SECARB in compiling advertising 
rates or news distribution lists.  It is available at http://capwiz.com/yo-
7/dbq/media/. 

 
o Newslink is a comprehensive database of web links to news media 

outlets, primarily by geographic locations, but also with limited topical 
categories.  It is available at http://newslink.org/. 

 
o U.S. Newspaper List is another comprehensive database of web links 

to news media outlets, by geographic location.  The directory is 
available at http://www.usnpl.com/. 

 
 

DE-FC26-03NT41980

SECARB Deliverables Appendix Document
Volume I

Page 162 of 548



 
 

32

 
 

Table 7 – Outreach Methods 
 

Method 
 

Description 
 

 
Advertising 

 

 
The activity of attracting public attention to a product, activity, etc., as by 

paid announcements in the print, broadcast, or electronic media 
 

 
Briefing papers 

 

 
Concise summaries of a product, activity, etc., often used in conjunction 

with the act of providing such information to an interested party 
  

 
Brochures 

 

 
Small booklets or pamphlets, often containing promotional material or 

product information 
 

 
Conferences 

 

 
Meetings for consultation or discussion on products, activities, etc. 

 
 

Direct Correspondence 
 

 
Written communications (including e-mail and letters) to individuals 

 
 

Fact Sheets 
 

 
Concise, often one or two-page, summaries of data  

 
 

Forums 
 

 
Meetings involving audience discussion 

 
 

Maps 
 

 
Representations of whole or parts of areas, often on a flat surface 

 

 
Media Releases 

 

 
Prepared news announcements for the purpose of publicizing a product, 

activity, etc. 
 

 
Newsletters 

 

 
Small, often print, publications in the form of leaflets or newspapers 

containing news of interest chiefly to a special group  
 

 
Presentations 

 

 
Lectures or speeches set forth for an audience 

 

 
Progress Reports 

 

 
Accounts presented usually in detail, of the status of a product,        

activity, etc. 
 

 
Web logs (Blogs) 

 

 
Web-based publications consisting primarily of periodic articles (normally 

in reverse chronological order) 
 

 
Web sites 

 

 
Sets of interconnected Internet pages prepared and maintained as a 

collection of information by a person, group, or organization 
 

Sources: www.answers.com; www.m-w.com 
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Table 8 – Applicability of Outreach Methods to Stakeholders 
 

 Elected 
Officials 

Environmental 
NGOs 

Industry 
Leaders Regulators General 

Public Media 
 

Custom 
 

 
Advertising 

 
    X  

 
 

 
Briefing papers 

 
X X X X X X 

 
X 

 
Brochures 

 
    X  

 

 
Conference 

 
X X X X X X 

 

 
Correspondence 

 
X X X X X X 

 
X 

 
Fact Sheets 

 
X X X X X X 

 
X 

 
Forums 

 
X X X X X X 

 

 
Maps 

 
 

X 
 

X 
 

X 
 

X 
 

X 
 

X 

 

 
Media Releases 

 
     X 

 

 
Newsletters 

 
X X X X X X 

 

 
Presentations 

 
X X X X X X 

 
X 

 
Progress Reports 

 
X X X X   

 

 
Web logs (Blogs) 

 
X X X X X X 

 

 
Web sites 

 
X X X X X X 

 

 
 

o Yahoo’s news directory is another comprehensive database of links, 
with a large listing of media outlets by topic.  The directory is available 
at http://dir.yahoo.com/News_and_Media/. 

 
• Elected Official Lists: 

 
o Cap Wiz also offers a comprehensive database of federal, state and 

local officials, searchable by zip code.  This could benefit SECARB in 
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compiling lists of officials by field-project site.  It is available at 
http://capwiz.com/yo-7/home/. 

 
IV. CONCLUSION 
 
 SECARB Phase I outreach efforts have produced a platform for success to be 
built upon under SECARB Phase II field activities.  Under Phase I, SECARB undertook 
outreach not only as a means to educate and interact with stakeholders, but as a 
research effort that can help to provide more refined and appropriate outreach in the 
future. 
 

Through its integrated outreach strategy, which included in-depth opinion 
research methods to more fully understand stakeholder needs, SECARB produced 
information critical to the development of a meaningful action plan.  By analyzing the 
results of the research, SECARB produced such a plan that can help USDOE, NETL 
and SECARB achieve its goal of developing public education and involvement 
mechanisms to raise public awareness of sequestration opportunities in the region and 
provide interested stakeholders with information about technology deployment efforts 
 

The Action Plan for Public Involvement, Education, and Acceptance called for in 
Subtask 6.5 of the SECARB proposal, provides SECARB with the necessary 
prioritization of stakeholders, development of messages and creation of outreach 
infrastructure that can be utilized by Phase II field teams, under the coordination of 
SSEB, to ensure successful engagement of stakeholders and fulfillment of project goals.  
 

As outreach progresses, there will be varied stakeholder responses to carbon 
sequestration.  Many will be supportive.  However, environmental projects of this nature 
may raise concerns among some stakeholder groups.  This action plan seeks to provide 
a framework under which useful and constructive engagement of stakeholders can 
occur, whatever the preconceived notions stakeholders may hold.  

 
SECARB is committed to engaging stakeholders as active participants in its 

research efforts, not simply as sideline observers.  Actively working with stakeholders in 
order to understand their concerns and develop mutually acceptable means of 
addressing those concerns is the purpose of the partnership’s outreach efforts.  This 
report, including its action plan, seeks to ensure that “partnership” applies in word and 
deed to SECARB’s activities.  Only through such a mindset will carbon sequestration be 
understood and utilized as a climate change solution for the entire southeastern 
community.  
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LIST OF ACRONYMS AND ABBREVIATIONS 
 

CCS    Carbon Capture and Storage 
 
CEED    Center for Energy and Economic Development 
 
CO2    Carbon Dioxide 
 
DIAL    Diagnostic Instrumentation and Analysis Laboratory 
 
EPRI    Electric Power Research Institute 
 
GHG    Greenhouse Gas 
 
MIT    Massachusetts Institute of Technology 
 
MSU    Mississippi State University 
 
NETL    National Energy Technology Laboratory 
 
PEIS    Programmatic Environmental Impact Statement 
 
RCSP    Regional Carbon Sequestration Partnership 

 
SECARB   Southeast Regional Carbon Sequestration Partnership 
 
SGA    Southern Governors Association 
 
SLC    Southern Legislative Conference 
 
SSEB    Southern States Energy Board 
 
TVA    Tennessee Valley Authority 
 
U.S.    United States 
 
USDOE   United States Department of Energy
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APPENDIX A – JANUARY SECARB MEETING 
Southeast Regional Carbon Sequestration Partnership 
Technical Team and Technology Coalition Meetings 

Grand Hyatt Atlanta – In Buckhead 
Atlanta, Georgia 

January 14-15, 2004 

 
 
 
Wednesday, January 14, 2004 
“Administrative and Project Management Meeting for 
Lead Technical Team Members”  
9:00 a.m.  Welcome and Introductions 

Mr. Kenneth J. Nemeth, Executive Director 
Southern States Energy Board 

 
Task 1, 2 & 3 Progress Reports and Crosscutting Activity Reports 

 Regulatory Compliance and Liability Issues 
 Public Outreach and Education 

Mr. Patrick R. Esposito, II, Chief Operating Officer 
Augusta Systems, Incorporated 
 

 Capture and Separation Technologies  
Dr. M. John Plodinec, Director, Diagnostic Instrumentation Analysis Laboratory 
Mississippi State University 
 

 Geologic Sink Characterization and Infrastructure Requirements 
   Dr. Patrick R. Esposito, Sr., Chief Executive Officer 

Augusta Systems, Incorporated 
 

 Terrestrial Sink Characterization and Infrastructure Requirements 
Mr. John Kadyszewski 
Winrock International 
 

 GIS/Database Development 
Mr. Richard Rhudy, Project Manager 

   Electric Power Research Institute 
 
Review of Work Responsibility Matrix with Key Team Leaders (some via phone) 
 
Southeast Regional Carbon Sequestration Partnership Website, www.secarbon.org 
 
Goals for January 15th Presentation to Coalition Members 
 
Governor’s Forum Discussion 

 
12:30 p.m.  Lunch on Your Own 
 

A G E N D A 
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“Technical Team Working Session” 
2:00 p.m.   Welcome and Introductions 

Mr. Kenneth J. Nemeth, Executive Director 
Southern States Energy Board 
 
Introduction of Lead Technical Team 
Dr. Gerald R. Hill, Senior Technical Advisor 
Southern States Energy Board 
 
Goals for January 15th Meeting 

  Dr. Patrick R. Esposito, Sr., Chief Executive Officer 
Augusta Systems, Incorporated 

 
3:45 p.m.  Task 1, 2 & 3 Input Requirements 
 

Breakout Sessions for Working Groups 
 
Action Items for Technical Team 

 
5:30 p.m.  Adjourn 
 
6:00-7:00 p.m. Networking Session for SERCSP Technical Team and Technology Coalition 
Members 
  Location: Buckhead Ballroom 2 
 
Thursday, January 15, 2004  
“Technology Coalition Briefing and Working Session”  
8:00 a.m.   Welcome 

Mr. Kenneth J. Nemeth, Executive Director 
Southern States Energy Board 

 
Introduction of Coalition Members and Team Leaders 
Dr. M. John Plodinec, Director, Diagnostic Instrumentation Analysis Laboratory 
Mississippi State University 

 
Project Overview 

  Dr. Patrick R. Esposito, Sr., Chief Executive Officer 
Augusta Systems, Incorporated 
 
Task 1, 2 & 3 Status Report and Crosscutting Activity Reports 

 Regulatory Compliance and Liability Issues 
 Public Outreach and Education 

Mr. Patrick R. Esposito, II, Chief Operating Officer 
Augusta Systems, Incorporated 
 

 Capture and Separation Technologies  
Dr. M. John Plodinec, Director, Diagnostic Instrumentation Analysis Laboratory 
Mississippi State University 
 

 Geologic Sink Characterization and Infrastructure Requirements 
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   Dr. Patrick R. Esposito, Sr., Chief Executive Officer 
Augusta Systems, Incorporated 
 

 Terrestrial Sink Characterization and Infrastructure Requirements 
Mr. John Kadyszewski 
Winrock International 
 

 GIS/Database Development 
Mr. Richard Rhudy, Project Manager 

   Electric Power Research Institute 
 

U.S. Department of Energy Report 
Dr. Karen Cohen, DOE Project Manager 
U.S. Department of Energy 
 

 Regional Partnership Working Groups 
 Carbon Sequestration Atlas 

 
GIS Overviews 

 Terrestrial 
Mr. John Kadyszewski 
Winrock International 
 

 Geological 
Mr. Howard Herzog 
Massachusetts Institute of Technology 

 
12:00 p.m. Lunch on Your Own 
 
1:30 p.m.  Roundtable Discussion:  Perspectives for Phase II Carbon Sequestration 
  Mr. Richard Rhudy, Project Manager 
  Electric Power Research Institute 
 

Panel Discussion of Coalition Representatives 
 
Action Items for Project Team 
 
Announcement of April 2004 Chairman’s Forum on 
Carbon Management in the Southern States 

  Dr. Patrick R. Esposito, Sr., Chief Executive Officer 
Augusta Systems, Incorporated 

 
3:00 p.m.   Adjourn 
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APPENDIX B – SSEB CHAIRMAN’S FORUM MEETING 
Southern States Energy Board 

 
2004 Chairman’s Forum on  

Carbon Management in the Southern States 
“Regional Meeting on Defining Priority Actions for 

Voluntary Carbon Management Activities in the South” 
 

 Washington Plaza 
Washington, DC 

Thursday, May 20, 2004 
 
 
 

8:00 am  Continental Breakfast and Registration 
 
8:30 am  Welcome and Introductions 
 

Presiding: The Honorable Jimmy Skipper 
   House of Representatives, State of Georgia 
   Vice Chairman, Southern States Energy Board 
 

Dr. Patrick R. Esposito 
Chairman, Governor’s Energy Task Force, State of West Virginia 

   Governor’s Alternate, Southern States Energy Board 
 
   The Honorable Brian C. Griffin 

Federal Representative, Southern States Energy Board 
 
8:45 am  Overview of Carbon Management 
 
 Mr. Mark Maddox 

Acting Assistant Secretary for Fossil Energy 
   United States Department of Energy 
 
 Mr. Jeffrey R. Holmstead 

Assistant Administrator for Air and Radiation 
   United States Environmental Protection Agency 
 
   Mr. John F. Turner 

Assistant Secretary, Bureau of Oceans and International Environmental 
 Scientific Affairs 

   United States Department of State 
 
10:00 am  Break 
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10:15 am  Perspectives on Carbon Management 
 

Presiding: Dr. M. John Plodinec, Director 
Diagnostic Instrumentation and Laboratory, Mississippi State University 

 
 Federal Government Perspective 

   Dr. Robert Wright 
Power Systems Portfolio Manager, Office of Fossil Energy 
United States Department of Energy 

 
 Historical Perspective 

 Mr. Roger Ballentine 
 President 
 Green Strategies, Inc. 
  

 Industry Perspective 
 Mr. Dwight H. Evans 
 Executive Vice President 
 Southern Company 
 

 Public Perspective 
Mr. David Hawkins 
Director, Climate Center 
Natural Resources Defense Council 

 
12:00 pm  Luncheon 
 

Keynote Presentation: “The Road to Sensible Carbon 
Sequestration:  
An Insurance Policy for the Future” 
 
Mr. Ben Yamagata 
Executive Director 
Coal Utilization Research Council 

 
1:30 pm  Carbon Management in the South: Technologies and Approaches 
 

Presiding: The Honorable Tommy Robertson 
Senate, State of Mississippi  

 
 Terrestrial Sequestration Approaches 

Mississippi River Valley Activities 
Mr. Lawrence A. Selzer 
President and Chief Executive Officer  
The Conservation Fund 

 
 Accounting and Monitoring Approaches 

    Ecolytics – A GHG Emissions System  
    Mr. Patrick R. Esposito II 

Chief Operating Officer 
    Augusta Systems, Inc. 
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 Methane Management Approaches 

 Mr. Richard Winschel 
Director, Coal Utilization 

    CONSOL Energy, Inc. 
 

 Geologic Sequestration Approaches 
 CO2 Test Center Project 

Mr. Richard G. Rhudy 
Project Manager 

 Electric Power Research Institute 
 
3:00 pm  Break 
 
3:15 pm  Carbon Management in the South: Technologies and Approaches 

(continued) 
 
Presiding: The Honorable Jerry Paul 
House of Representatives, State of Florida 
Executive Member, Southern States Energy Board 
 

 Biobased Approaches 
Mr. Steve Segrest 
The Common Purpose Institute 

 
 Nuclear Power Contributions 

Dr. Tim Valentine 
Legislative Fellow 
United States Senator Lamar Alexander’s Office, State of 
Tennessee 
 

 Distributed Generation Approaches  
Mr. Dave Walls 
Director, New Business and Technology 
Navigant Consulting, Inc. 

 
 Combustion Approaches/Cleaner Fossil Fuel Systems 

Mr. Brian C. Griffin 
President 
Clean Energy Systems, Inc. 

 
4:30 pm  Break  
 
4:45 pm  Determining Priority Actions for Voluntary  

Carbon Management in the South 
   A discussion hosted by: 

The Honorable Bob Wise 
Governor, State of West Virginia 

   Chairman, Southern States Energy Board 
 
5:30 pm  Closing Remarks 
   Mr. Kenneth J. Nemeth 
 
6:00 pm  Adjournment to Networking Reception 
 

 

DE-FC26-03NT41980

SECARB Deliverables Appendix Document
Volume I

Page 175 of 548



 
 

45

APPENDIX C – SOUTHERN LEGISLATIVE CONFERENCE BRIEFING 

                                            
 

Southern Legislative Conference Briefing: 
Considerations for Legislators Interested in Voluntary Carbon Management 

 
Introduction 
State legislators have an important role to play in encouraging voluntary greenhouse gas (GHG) and carbon 
management activities in the Southern States region.  With the region accounting for roughly 44% of the 
United States (U.S.) GHG emissions and a current Federal government position that focuses on voluntary 
GHG and carbon management approaches and encourages state action to facilitate the achievement of 
Federal goals, it is clear that the Southern States must play a leading role in the facilitation of activities that 
allow voluntary carbon management initiatives to take hold.  The Southern States Energy Board (SSEB) is 
assisting the U.S. Department of Energy (USDOE) by leading the Southeast Regional Carbon Sequestration 
Partnership (SECARB), which is working to foster the development of potential model state legislation on 
carbon sequestration, a leading field of carbon management approaches, and GHG emissions management 
on a region-wide basis.  As this effort and others move forward, there are proactive steps that state 
legislators can take on this matter today. 
 
What’s Happening in States? 
Throughout the United States, state legislators have taken the lead in drafting and advancing legislation to 
assist in facilitating voluntary GHG and carbon management activities in their states.  Notable types of 
legislation, as well as the states in which these concepts have been adopted, include: 

• Development of studies and creation of advisory bodies on carbon management (various states 
including Idaho and South Dakota); 

• Adoption of voluntary GHG and carbon emissions registries (examples include California, Georgia, 
and New Hampshire); and, 

• Passage of legislation to encourage terrestrial sequestration activities (Oklahoma and others). 
 

Conclusions 
As GHG and carbon emissions management will be a significant issue in the coming years, state legislators 
have a unique opportunity to impact the arena of carbon management.  With the Federal government 
supporting development of innovative approaches and technologies, including those focused on carbon 
sequestration, state legislators can work to assist their resident businesses and individuals with adopting 
and implementing voluntary carbon management activities and programs.  The SSEB and its partners in 
SECARB are ready to assist legislators in the Southern States in efforts to adopt cost-effective approaches 
to GHG and carbon emissions management.  Leading options include: 

• Authorizing and funding state studies on GHG and carbon emissions management approaches; 
• Implementing legislation to establish voluntary GHG emissions management registries; 
• Implementing legislation encouraging, or even providing incentives for, investments in voluntary 

GHG or carbon emissions reduction or offset projects that can be facilitated by initiatives like the 
Carbon Offset Opportunity Program (www.offsetopportunity.com) and others, or traded through 
programs like the Chicago Climate Exchange (www.chicagoclimatex.com) and others; 

• Working with national and regional efforts, such as those related to SECARB, to ensure that 
terrestrial sequestration projects, including those activities which include aspects of mine land 
reclamation, no till farming, soil conservation, brownfield restoration, among others, are legally 
permissible and economically feasible in states; and, 

• Working with national and regional efforts, such as those related to SECARB and the parallel 
efforts of the Interstate Oil and Gas Compact Commission, to ensure that geologic sequestration 
activities, including those related to the capture, separation, transportation, injection, and storage 
phases, are legally permissible and economically feasible in states. 

 
For more information 
For more information on options and approaches to allow state legislators to proactively assist with voluntary 
carbon management activities, please contact Kenneth Nemeth, of the Southern States Energy Board, by 
email at nemeth@sseb.org or telephone at 770.242.7712, or Patrick Esposito, of Augusta Systems, by email 
at pesposito@augustasystems.com or by telephone at 304.599.3200. 
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APPENDIX D – SECARB COMMENTS AT USDOE PEIS MEETING 
 

(Please note: This document features the comments of Dr. Gerald R. Hill, of SECARB and the SSEB, 
at the USDOE Programmatic Environmental Impact Statement Public Scoping Meeting in Atlanta, 
Georgia on June 2, 2004.) 

 
Comments of 

DR. GERALD R. HILL 
Public Scoping Meeting 

NORCROSS, GA – JUNE 2, 2004 
U.S. Department of Energy 

Programmatic Environmental Impact Statement 
Carbon Sequestration Program 

 
INTRODUCTION 

My name is Dr. Gerald Hill.  I am Senior Technical Advisor to the Southern 
States Energy Board.  The Southern States Energy Board, or “SSEB”, is located at 6325 
Amherst Court, Norcross, Georgia 30092. 
 
 I am speaking on behalf of SSEB, and in support of Carbon Sequestration 
Programs.  We believe that the potential environmental benefits of carbon sequestration 
are significant and, therefore, the demonstration and deployment of enabling 
technologies to implement the Program should proceed. 
 
 SSEB is a non-profit interstate compact organization created in 1960 and 
established under Public Law 87-563 and 92-400 of the United States Congress.  The 
Board’s mission is to enhance economic development and the quality of life in the South 
through innovations in energy and environmental programs and technologies. 
 
 Sixteen southern states and two territories comprise the membership of SSEB.  
Each jurisdiction is represented by the governor and a legislator from the House and 
Senate.  A Federal Representative is appointed by the President of the United States. 
 
 SSEB is chaired by a Governor who is instrumental in setting priorities for the 
Board’s activities. 
 

In September 2002, West Virginia Governor Bob Wise became SSEB Chairman 
and declared carbon management to be a priority.  On May 20, 2004 Governor Wise 
convened a Chairman’s Forum on Carbon Management in the Southern States. 
 

SSEB’s carbon management forum was attended by over 100 people.  
Presentations were made by government officials, private sector experts, and public 
interest advocates.  A highlight of the two-day forum was a May 21st meeting of the 
Technology Coalition of the Southeast Regional Carbon Sequestration Partnership, or 
“SECARB”. 

 
In DOE’s announcement of tonight’s carbon sequestration meeting it was stated 

that: 
“Major initiatives to demonstrate the key elements of the Program may require 
collaboration with Federal agencies, state and regional governments, and private 
sector partnerships.”   

DE-FC26-03NT41980

SECARB Deliverables Appendix Document
Volume I

Page 177 of 548



 
 

47

I am please to note that the groundwork for future collaboration on demonstration 
projects has been initiated. 

 
SECARB is one of seven regional partnerships that work with the National 

Energy Technology Laboratory to assess issues related to the capture, transport and 
storage of carbon dioxide emissions from fossil fuel sources.  Nine months of work by 
SECARB, and discussions with the SECARB Technology Coalition, provide the basis for 
specific comments I will make this evening. 

 
CAPTURE, TRANSPORT AND STORAGE 

I would like to discuss each of the three points noted here (carbon dioxide 
capture, transport and storage) in the context of current industry experience and 
potential environmental impacts. 
 

(1) Carbon dioxide capture (or separation) is an accepted and historic practice 
world-wide.  Both food grade and industrial grade CO2 are produced and 
consumed within world economies.  The DOE program of demonstration and 
deployment will simply expand the available sources of CO2 to include fossil fuel 
emissions.  Expanding potential sources to include fossil fuel emissions has the 
environmental benefit of offsetting others production processes. 

 
(2) Carbon dioxide transport is an accepted and historic practice world-wide.  Food 

grade and industrial grade CO2 are transported via pipeline, tanker truck and rail 
on a regular basis.  The CO2 that originates from fossil fuel emissions can be 
transported in the same manner.  The specifications will be the same, primarily 
relating to moisture content and oxygen content (to prevent corrosion of pipes or 
vessel surfaces) and the presence of other trace constituents (depending on 
whether the CO2 is intended for food-grade applications or various industrial 
applications).  Transporting CO2 that is captured from fossil fuel emissions 
sources will not introduce new or unknown environmental impacts to the pipeline, 
tanker truck or rail industries.  

 
(3) Carbon dioxide storage occurs naturally in terrestrial and geologic systems. 
 

(a) Terrestrial systems are being evaluated as potential sinks for sequestering 
CO2 emissions as stored carbon.  Building up soil carbon content or increasing 
the inventory of stored carbon in croplands and forest lands is viewed as a viable 
and immediate opportunity for reducing greenhouse gas (GHG) intensity.  The 
US Department of Agriculture has noted that the south central and southeast 
regions of the United States have the highest potential for carbon storage in 
terrestrial systems.  Utilizing terrestrial systems as sinks for carbon will have a 
positive environmental benefit upon the reduction in greenhouse gas intensity. 
 
(b) Geologic systems are being evaluated as potential sinks for storing CO2 
emissions.  Injecting CO2 into underground formations has been occurring for 
the past twenty years.  Specifically, CO2 from natural underground formations or 
from commercially available separation units is injected into oil/gas wells in order 
to increase the output of the wells.  This practice is called enhanced oil recovery, 
or “EOR”.  The potential market for CO2 used in enhanced oil recovery is large.  
The Texas Bureau of Economic Geology has evaluated over 3300 wells and 
determined that about 1800 are suitable for EOR, with CO2 injection being a 
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candidate technology for many of these wells.  The use of CO2 that is captured 
from fossil fuel emission sources will not introduce new or unknown 
environmental impacts to the EOR industry.  In fact, it will have the added 
environmental benefit of removing large volumes of CO2 from the atmospheric 
inventory and also will reduce the amount of CO2 that is being extracted from 
natural formations or produce by commercial separation units. 

 
In addition, CO2 injection can be used for recovering coal bed methane.  In this 
practice CO2 is pumped into coal seams and methane is liberated from the 
seams.  The southeast region has many thin seams of coal that could store CO2 
and produce methane.  Recovering methane by utilizing CO2 emissions from 
fossil fuel facilities can provide positive economic benefits to the southeastern 
region, while increasing the supply of pipeline-grade natural gas.  Additional work 
is needed in order to fully understand the mechanisms of coal bed methane 
recovery using CO2.  The potential economic benefits of methane production and 
the potential environmental benefits of CO2 sequestration in coal seams are both 
very high.  Therefore, work should continue in the demonstration and deployment 
of these technologies, including the evaluation of environmental impacts. 
 
A third category of geologic storage is the sequestration of CO2 in deep saline 
formations.  Unlike enhanced oil recovery or coal bed methane production, this 
category of storage has no economic drivers within the region.  It is, however, a 
viable option for storing huge volumes of CO2 emissions from fossil fuel facilities.  
The oil industry and industries that extract materials from salt brine have 
practiced underground injection for decades.  The activity is regulated by the US 
Environmental Protection Agency and state agencies within the Underground 
Injection Control, or “UIC”, program. The potential environmental benefits of CO2 
sequestration in deep saline formations are very high.  Therefore, work should 
continue in the demonstration and deployment of these technologies, including 
the evaluation of environmental impacts. 

 
REGULATORY, PERMITTING AND SAFETY FRAMEWORK 

Clearly, at its inception, the Underground Injection Control program could not 
have anticipated the injection of fossil fuel CO2 emissions.  Consequently, there exists 
the potential for regulatory uncertainty.  It is essential that the regulatory, permitting and 
safety framework for CO2 injection evolve on its own merit. 

 
The framework must not be inappropriately or inaccurately constrained by UIC 

programs designed for unrelated activities.  We are asking DOE, as part of the 
Programmatic Environmental Impact Statement process, to call attention to potential 
regulatory barriers to the demonstration and deployment of CO2 sequestration options 
and related technologies. 

 
SSEB further requests that the US Environmental Protection Agency consider 

proactive steps, including but not limited to, the creation a new regulatory framework (or 
perhaps a new UIC category) for CO2 injection and storage. 

 
The federal and state regulatory frameworks should facilitate, not block, the 

demonstration and deployment of technologies that can increase our ability to produce 
domestic oil and gas (including coal bed methane gas).  We have an opportunity to 
generate positive economic activity in the region, while reducing our dependence on 
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foreign sources of oil and gas.  At the same time we can facilitate the development of a 
regulatory structure that will provide clear guidance for storing CO2 from fossil fuel 
emissions. 
 
MEASUREMENT, MONITORING AND VERIFICATION 

The ability to measure, monitor and verify performance of carbon sequestration 
technologies is an essential component of any demonstration or deployment program.  
Existing tools need to be modified for CO2 sequestration applications.  New tools will be 
needed for deployment efforts.  Measurement and verification systems will be needed to 
support voluntary reporting programs such as the US DOE 1605(b) initiative.  Future 
trading platforms and regulatory programs will require measurement and verification.  
Also, monitoring systems will be needed to assess real-time performance of equipment 
as well as long-term performance of storage options. 
 

Analytical tools and methods must be demonstrated under conditions that 
reasonably represent actual field conditions for carbon sequestration.  The potential 
environmental benefits of demonstrating analytical systems and methods are great and, 
under carefully controlled field conditions, the environmental risks can be very low.  
Therefore, DOE should move forward in an aggressive fashion to ensure that the proper 
measurement, monitoring and verification tools are made available as soon as possible. 
 
BREAKTHROUGH CONCEPTS 
 A major objective of the carbon sequestration program is to demonstrate and 
deploy technologies that can achieve environmental benefits and remain economically 
viable.  For this reason, the carbon sequestration program must maintain a level of 
flexibility that allows breakthrough concepts to be tested and verified.  The potential 
environmental benefit of a quantum leap breakthrough in carbon sequestration solutions 
is enormous.  Therefore, the programmatic EIS must incorporate sufficient flexibility to 
test and verify breakthrough concepts in order to realize potential environmental 
benefits. 
 
SUMMARY 

In summary, please allow me to recap key points that SSEB would ask the 
Department to consider as it develops a Programmatic Environmental Impact Statement: 
 
Capture:   

• Expanding potential sources to include fossil fuel emissions has the 
environmental benefit of offsetting others production processes. 

 
Transport:   

• Transporting CO2 that is captured from fossil fuel emissions sources will not 
introduce new or unknown environmental impacts to the pipeline, tanker truck or 
rail industries. 

 
Storage:   

• The use of CO2 that is captured from fossil fuel emissions sources will not 
introduce new or unknown environmental impacts to the EOR industry. 

 
• The potential economic benefits of methane production and the potential 

environmental benefits of CO2 sequestration in coal seams are both very high.  

DE-FC26-03NT41980

SECARB Deliverables Appendix Document
Volume I

Page 180 of 548



 
 

50

Therefore, work should continue in the demonstration and deployment of these 
technologies, including the evaluation of environmental impacts. 

 
• The potential environmental benefits of CO2 sequestration in deep saline 

formations are very high.  Therefore, work should continue in the demonstration 
and deployment of these technologies, including the evaluation of environmental 
impacts. 

 
Measurement, monitoring and verification: 

• The potential environmental benefits of demonstrating analytical systems and 
methods are great and, under carefully controlled field conditions, the 
environmental risks can be very low. 

 
Regulatory, permitting and safety framework: 

• Federal and state regulatory frameworks should facilitate, not block, the 
demonstration and deployment of technologies. 

 
Breakthrough concepts: 

• The programmatic EIS must incorporate sufficient flexibility to test and verify 
breakthrough concepts in order to realize potential environmental benefits. 

 
FURTHER INFORMATION 

Thank you for the opportunity to speak this evening.  For those who would more 
information about SSEB and SECARB, log on to www.sseb.org and click on the 
Southeast Regional Carbon Sequestration Partnership. 

DE-FC26-03NT41980

SECARB Deliverables Appendix Document
Volume I

Page 181 of 548



 
 

51

APPENDIX E – SECARB / CO-OP MEDIA RELEASE 
 
For immediate release: November 16, 2004 
Contact: Jim Dobbs, 304.599.3200 
 

Southeast Strives for Climate Change Leadership 
Scientific Researchers to Use Innovative Tool to Engage Industry, Others 

 

Atlanta, Ga. – The southeastern U.S. can become a model for leadership in 

meeting the challenge of climate change, noted a leading scientific research team in 

announcing its plans to use an innovative tool that contributes to the development of 

environmental projects that offset or reduce greenhouse gas emissions linked to climate 

change. 

At a U.S. Department of Energy-sponsored meeting, today, in Pittsburgh, Pa., the 

Southeast Regional Carbon Sequestration Partnership (SECARB), a regional climate 

change research effort, announced its plan to incorporate the Carbon Offset Opportunity 

Program (CO-OP) into its outreach efforts.  CO-OP is an Internet-based tool that 

facilitates collaboration in the development of projects that offset or reduce greenhouse 

gas emissions, including those in the emerging area of carbon sequestration. A searchable 

database, CO-OP brings together project developers and project investors, allowing them 

to post their needs online.    

“The southeastern region of the country is moving ahead of the curve in its efforts 

to develop common-sense solutions to climate change,” said Ken Nemeth, executive 

director of the Southern States Energy Board, which leads the SECARB team. “Part of 

our research includes working to educate organizations within our region about carbon 

sequestration. CO-OP is a great complement to these efforts.” 

The SECARB team is researching the scientific and regulatory opportunities for 

wide-scale use of carbon sequestration techniques in the southeast as a means to address 

climate change. Carbon sequestration involves efforts to capture and store carbon dioxide 

and other greenhouse gas emissions, instead of allowing those emissions to escape into 

the atmosphere. Large-scale tree planting accompanied by certain land management 

practices, for instance, allows this to occur as trees naturally store carbon dioxide.  
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In addition to the Southern States Energy Board, the SECARB team includes the 

Electric Power Research Institute, Massachusetts Institute of Technology, Mississippi 

State University, Tennessee Valley Authority, and such industry partners as Southern 

Company, Duke Power, Progress Energy, North American Coal Corporation, and Tampa 

Electric Company. SECARB’s research is funded by the U.S. Department of Energy’s 

National Energy Technology Laboratory (USDOE/NETL). 

 CO-OP was developed in consultation with representatives of industry, 

government, and other organizations under the direction of USDOE/NETL.  In addition 

to serving as a high-tech matchmaker for project developers and investors, CO-OP 

features an educational component that provides information on project development, 

greenhouse gas emissions, and climate change.  

 “CO-OP provides a gateway for power companies, coal companies and other 

organizations to offset or reduce emissions through voluntary actions,” said Pat Esposito, 

chief executive officer of Augusta Systems, which developed CO-OP. “It is a tool the 

southeast research partnership can use to link scientific research efforts with the 

environmental initiatives of industry and others. This is a real opportunity for the 

southeast to stake out a leadership position on climate change.” 

 

### 
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APPENDIX F – NORTH AMERICAN POWER MARKETS BROCHURE 
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APPENDIX G – ENERGY & MINERAL LAW FOUNDATION AGENDA 

Winter Workshops on Energy Law 
 
Thursday afternoon, January 27, 2005 
1:00 p.m. Welcome and Introductions 
Timothy W. Gresham, Foundation President, Penn Stuart & Eskridge, 
Abingdon, VA 
1:05 - 1:45 p.m. What Do the 2004 Elections Mean to the Energy Industry? 
Jack N. Gerard, President & CEO, National Mining Association, Washington, DC 
1:45 - 2:30 p.m. Succession Planning for the Energy Industry 
With labor shortages a certainty by the end of the decade and a generation of miners, engineers, geologists 
and government regulators close to retirement, every segment of the energy industry is feeling the pinch. 
Can industry overcome its “boom or bust” reputation and sell a new generation on the promise of career 
opportunities? How will changing demographics in the United States affect tomorrow’s energy industry? 
Ron Crouch, Director, Kentucky State Data Center, University of Louisville, 
Louisville, KY 
2:45 - 5:30 p.m. Electric Power Issues 
Moderator: Roy M. Palk, President & CEO, East Kentucky Power Cooperative, 
Winchester, KY 
As demand for electric power increases, what’s the status on capacity, load management, retirement of 
existing units and new plant construction? Is the transmission system outdated or adequate, and how are 
FERC orders pertaining to independent system operators (ISO) changing transmission system operations? 
Can advanced technology meet the demands of the Clean Air Act and an environmentally sustainable 
method of producing electric power? New IGCC (integrated gasification combined cycle) facilities gasify 
coal and burn the resulting gases to power turbines, minimizing Greenhouse Gas emissions and greatly 
reducing water usage when compared to a conventionally-fired coal plant. Why are so few plants in the 
works, and what’s involved in fast-forwarding facilities using the IGCC method? 
Jerry M. Eyster, PA Consulting Group, Washington, DC 
Terry Talbert, Executive Director, Electric Power Research Institute, Washington, DC 
John Newcomer, GE Power Systems, Cincinnati, OH 
Dan Becher, DB Consulting, LLC, Sellersburg, IN 
6:30 - 7:30 p.m. Poolside Reception for Speakers, Registrants & Guests 
 
Friday morning, January 28, 2005 
8:00 - 10:00 a.m. Coal Industry Issues 
Moderator: Greg A. Walker, General Counsel, Foundation Coal, Chevy Chase, MD 
This session examines the growing demand for coal-fired energy which producers are enjoying, and what’s 
driving the marketplace – supply, stockpiles, spot markets, future price expectations. In the midst of the 
boom, labor shortages threaten production and transportation issues are becoming more complicated; 
changes in railroad pricing and the competitive landscape, financial difficulties facing the barge industry, 
and changes in economics affecting trucking all have a role to play. 
Mark T. Morey, Cambridge Energy Research Associates, Washington, DC 
Jamie Heller, Hellerworx, Chevy Chase, MD 
Paul Hatz, Peabody Energy, St. Louis, MO (invited) 
10:15 - 12:15 Labor Law Issues for the Coal Industry 
A panel of coal labor lawyers covers the legal issues which are demanding the most attention now, and are 
expected to continue through 2005. 
Whistleblower Cases and Public Policy Discharges – Minimizing the risk of retaliatory discharge 
litigation, drafting arbitration clauses in the non-collective bargaining setting, and negotiating good 
collective bargaining agreement language to force cases into the arbitral forum. 
Larry J. Rector, Steptoe & Johnson, Clarksburg, WV 
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UMWA Funds – Analysis of recent legal and legislative developments affecting the pension and retiree 
health plans administered by the UMWA Health and Retirement Funds, assessing their current financial 
condition and future prospects. 
John R. Woodrum, Ogletree Deakins Nash Smoak & Stewart, Washington, DC 
Union Organization – Discussion of UMWA efforts to organize through Corporate Campaigns, Card 
Check and Neutrality Provisions, and implications of recent NLRB cases where the UAW successfully 
used such methods. 
Anna M. Dailey, Dinsmore & Shohl, Charleston, WV 
12:15 - 1:45 Lunch Break 
12:30 - 1:30 EMLF Executive Committee Luncheon Meeting 
 
Friday afternoon 
1:45 - 2:45 p.m. Natural Gas Supply 
Moderator: Stephen E. Williams, General Counsel, CONSOL Energy, Pittsburgh, PA 
This session examines the upward spiral of natural gas prices, the issues driving the gas market, the 
adequacy of supply for the winter months, and the role of natural gas storage in market price determination. 
Can industry supply what’s needed for gas-fired power generation and still keep consumer costs 
manageable? What role will liquefied natural gas (LNG) play in meeting this demand? Will Congressional 
support for the Federal Energy Regulatory Commission’s (FERC) assertion of sole authority over siting 
and licensing of LNG terminals end the federal/state jurisdictional conflict? 
Scott Thompson, ACES Power Marketing, Indianapolis, IN 
Peter J. Abt, Pace Global Energy Services, Houston, TX 
3:00 – 4:30 Environmental Issues Affecting Energy Law 
Moderator: George A. Rusk, Ecology and Environment, Inc., Lancaster, NY 
Environmental laws impact every aspect of the highly-regulated energy industry; this session offers insight 
into policy decisions which will affect business decisions, and tools for the lawyer to expedite business 
decisions where environmental risk is an issue. Recent developments in Clean Air Act policy and 
enforcement in the electric generation sector will be examined, and future directions in environmental 
policy – including greenhouse gas regulations and renewable mandates – will be explored with emphasis on 
implications for supply planning in the industry. Efforts to utilize technology for the continued use of fossil 
fuels are detailed in the presentation on collaborative initiatives for greenhouse gas emissions reduction and 
carbon offset projects and activities, and the opportunities for voluntary action to assist the achievement of 
Federal government goals in these areas. A practical presentation on “Getting The Deal Done Using 
Environmental Risk Transfer Techniques” offers guidance in overcoming environmental obstacles that 
threaten business transactions. 
Marc Chupka, The Brattle Group, Washington, DC 
Patrick R. Esposito, II, COO, Augusta Systems, Morgantown, WV 
George C. Hopkins, Vinson & Elkins, Washington, DC 
6:00 - 7:00 Hosted Poolside Reception for Speakers, Registrants & Guests 
 
Saturday morning, January 29 
Moderator: Bruce D. Reed, Corporate Counsel, Berwind Natural Resources, Philadelphia, PA 
7:15 - 8:15 AM Professional Responsibility and Ethics 
This session explores whether a law firm should have its own General Counsel, and also discusses this 
issue in the context of the Code of Professional Responsibility. 
John S. Summers, Hangley Aronchick Segal & Pudlin, P.C., Philadelphia, PA 
8:30 - 10:30 AM Workforce Development: Hiring and Retaining Mining Employees 
Moderator: Gregory B. Robertson, Hunton & Williams, Richmond, VA 
This session addresses the practical problems employers face in the current job market and offers practical 
advice on what employers can do to find and keep good employees. This promises to be an interesting 
discussion with some creative ideas for employee recruitment and retention. 
David J. Laurent, Babst, Calland, Clements, and Zomnir, P.C., Pittsburgh, PA 
Charles A. Tuck, Tuck Management Group, Kingsport, TN 
10:30 - 11:30 Brunch for Speakers, Registrants and Registered Guests 
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APPENDIX H – THE ENERGY COUNCIL AGENDA 

Energy Council’s 2005 State and Provincial Trends in Energy and the Environment Conference 
The Delta St. John’s Hotel and Conference Centre, St. John’s. 

 Saturday, June 25, 2005 

7:30 a.m. Welcoming Remarks 
(Salon E, F & G) 

            The Honorable Carroll Leavell 
            New Mexico Senate and 
            Chairman, CLEER 

            The Honorable John Smith 
            Louisiana House of Representatives and 
            Vice Chairman, The Energy Council 

            The Honourable Andy Wells 
            City Mayor 
            St. John’s, Newfoundland 

            The Honourable Ed Byrne 
            Newfoundland Minister of Natural Resources and 
            The Energy Council Vice President for State and 
            Provincial Trends in Energy and the Environment 

Opening Address 

            The Honourable Stéphane Dion, P.C., M.P. 
            Minister of the Environment 
            Canada 

Saturday, June 25, 2005 (Cont’d) 

9:15 a.m. Opening Panel: State and Provincial Energy Strategies 
(Salon B) 

            The Honourable Greg Melchin 
            Minister of Energy 
            Alberta 

            Ms. Joanna Prukop 
            Cabinet Secretary 
            New Mexico Energy, Minerals & Natural Resources  

10:00 a.m. Break 

10:15 a.m. Carbon Mitigation Approaches 
            Mr. Pat Esposito 
            Chief Executive Officer 
            Augusta Systems, Inc. 
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10:45 a.m. Meeting the Needs of the Global Energy Industry for Qualified Personnel 

            Ms. Leslie E. Galway 
            President and CEO 
            Newfoundland Ocean Industries Association 

            Dr. Larry Rice 
            Executive Assistant to the President 
            University of Tulsa 

11:30 a.m. Keynote Address 

            The Honourable Danny Williams 
            Premier of Newfoundland and Labrador 
            12:00 p.m. Adjourn 

Sunday, June 26, 2005 

7:30 a.m. Breakfast Session: The Energy Council LNG/CNG 
(Salon Video and Presentations E & F) 

            The Honourable Jim DeWolfe 
            Member of the Legislative Assembly 
            Nova Scotia 

            Dr. James Wright, Director 
            Major Research Partnerships 
            Memorial University of Newfoundland 

9:00 a.m. Critical Infrastructure Protection 
(Salon B) 

            Mr. Dave Redman 
            Executive Director 
            Emergency Management Alberta 

9:30 a.m. Financing Energy Projects 

            Understanding Energy Trusts 
            Ms. Cristina Lopez 
            Research Analyst 
            Tristone Capital 

            The Role of Long Term Contracts 
            Mr. David Sweet 
            Director of Special Projects 
            United States Energy Association 

10:15 a.m. Break 

10:30 a.m. Floating Production, Storage and Offloading (FPSO) 
                Technology and the White Rose Project 
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            Mr. Ruud Zoon 
            General Manager, East Coast Development 
            Husky Energy, Inc. 

Sunday, June 26, 2005 (Cont’d) 

11:00 a.m. STRONGER: The Process and the Product 
(State Review of Oil & Natural Gas Environmental Regulations) 

            Ms. Lori Wrotenbery 
            Director 
            State of Oklahoma Corporation Commission 

            Mr. Jim Collins 
            Industry Representative 
            STRONGER Board 

            Dr. John Lopez 
            Environmental Representative 
            STRONGER Board 

Noon Adjourn 
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APPENDIX I – ARTICLE FROM COAL LEADER, FEBRUARY 2005 
 
 

Carbon Sequestration:  
Coal's Future 

 
      
    The U.S. Department of Energy has 
undertaken an ambitious effort to study the 
possibilities of capturing and storing carbon 
dioxide gases, a process known as carbon 
sequestration, in different regions of the 
country. The effort would seek to develop a 
viable option for reducing emissions of the gases, 
a byproduct of the burning of fossil fuels. These 
emissions have been targeted as a contributor to 
global climate change. 
    The southeast was one of the regions chosen 
by the federal government for the study.  
    "If carbon sequestration is proven a viable 
option to reduce carbon emissions, the payoff 
could be huge," said Ken Nemeth, executive 
director of the Southern States Energy Board 
(SSEB). 'The process would help companies and 
the government to meet environmental goals, 
but would ensure that fuel costs remain low 
through the continued use of coal." 
    The SSEB is managing entity for the southeast 
research effort: the Southeast Regional Carbon Sequestration Partnership, dubbed 
"SECARB." 
    The eleven-state SECARB region includes Alabama, Arkansas, Florida, Georgia, 
Louisiana, Mississippi, North Carolina, South Carolina, Tennessee, Texas, and 
Virginia. Researchers for this effort include the Electric Power Research Institute 
(EPRI), Mississippi State University, Massachusetts Institute of Technology and 
Augusta Systems, among others. 
    Pat Esposito, chief executive officer of Augusta Systems explained that carbon 
sequestration includes efforts to capture emissions from power plants and inject the 
gas underground. 
    "The process is familiar to those in the oil and gas industries, where carbon 
dioxide injection has been used to improve the efficiency of oil and gas wells," 
Esposito said. "In this case, instead of using the carbon dioxide as a means of 
forcing oil and gas to the surface to increase production, the gas would be injected 
with the goal of long-term storage in geologic formations." 

 
Pat Esposito  

DE-FC26-03NT41980

SECARB Deliverables Appendix Document
Volume I

Page 190 of 548



 
 

60

    Other types of carbon sequestration include terrestrial sequestration, where trees, 
which naturally absorb carbon dioxide, are used as so-called "carbon sinks."  
    The catalyst for seeking technology solutions, such as carbon sequestration, to 
greenhouse gas emissions issues has been the growing movement to limit these 
emissions globally, whether through regulatory or voluntary means. Russia, for 
instance, recently announced its support for the Kyoto Protocol, an international 
agreement that would limit greenhouse gas emissions. While the U.S. has rejected 
the protocol, there are various efforts underway, from voluntary corporate actions 
to mandatory efforts at state and local levels to curb greenhouse gas emissions. The 
Bush administration has called for voluntary 18 percent emission reductions by 
2012.  
    The question then, is how to accomplish these 
reductions.  
    "Limiting emissions will be challenging 
because increased energy consumption is a key 
to economic growth," Nemeth said. "China and 
India alone are expected to account for two-
thirds of the global increase in coal usage during 
the next 30 years." 
    Carbon sequestration is attractive because it's 
one of the only options that offer the possibility 
of deep cuts in emissions, while still allowing for 
continued use of fossil fuels. 
    "It's been estimated that billions of tons of carbon dioxide could be stored in 
depleted oil and gas reservoirs, in unmineable coal seems, and in other underground 
formations in the U.S. alone," Esposito said. "That would be enough room to store 
centuries' worth of emissions, at current levels." 
    These possibilities have peaked the interest of federal officials. The Bush 
administration has promoted carbon sequestration as a possible useful tool in 
addressing these emissions issues. And industry has also signaled its willingness to 
explore the possibilities of carbon sequestration. 
    Companies such as Duke Power, North American Coal Corp., Progress Energy, 
SCANA Energy, Southern Company, and Tampa Electric Co. have signed on as 
participants in the SECARB effort. 
"We'll never know if carbon sequestration can be an effective solution unless we 
move forward with these research and development efforts," Nemeth explained. 
"But these efforts can't occur in a vacuum. We're working with energy companies 
and with the general public to make sure this is an acceptable and lasting solution," 
Nemeth said.  
    "We're hopeful that our efforts here in the southeast can become the basis for a 
solution to these emissions issues," Esposito said.  "Only time will tell, but there is 
the possibility, with this effort, for us to find a balance between our energy 
consumption needs and our environmental goals in a manner that is beneficial to all 
sides." cl  

 
 
 

 
Kenneth Nemeth  
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APPENDIX J – SECARB INDUSTRY FOCUS GROUP DISCUSSION LETTER 
 

Dear SSEB Associate Member: 
 
During the upcoming Southern States Energy Board 44th Annual Meeting in Richmond, 
Va., the SSEB will host a focus group to gauge industry views on carbon sequestration, 
an emerging technology that could assist with common-sense solutions to carbon 
management and climate change in the south and beyond. 
 
As you may be aware, the SSEB is the leading entity in SECARB, the Southeast 
Regional Carbon Sequestration Partnership, a U.S. Department of Energy-funded and 
industry-supported effort to study the possibilities for carbon sequestration in the 
southeast. The focus group is a part of this effort, providing industry with a valuable 
opportunity to shape the debate on carbon sequestration and common-sense solutions 
to climate change. 
 
As an energy leader in the southern region, your input in this process would be of great 
value.  As the focus group will help to shape the issues, prior knowledge of the topic is 
not required.  Please consider participating in the focus group, to be held in conjunction 
with our annual meeting, from 10:30 am to 12:30 p.m., September 12, 2004, at the Omni 
Hotel Richmond hotel in Richmond. Focus group attendees will be compensated for their 
participation. Refreshments will be provided. 
 
To R.S.V.P., or for more information, please contact Mark Blankenship of RMS 
Strategies, who will assist SSEB with this effort, at (304) 343-7655 or 
mblankenship@rmsstrategies.com. 
 
Thank you for consideration. 
 
Best regards, 
Ken Nemeth 
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APPENDIX K – SECARB INDUSTRY FOCUS GROUP AGENDA 
 

Southern States Energy Board 
Southeast Regional Carbon Sequestration Partnership 

(SECARB) 
 

“Focus Group on Industry Perceptions of the 
Value of Carbon Sequestration Research" 

 
Omni Hotel Richmond 

Richmond, Virginia 
Sunday, September 12, 2004 

10:30 a.m. to 12:30 p.m. 
Boardroom, 2nd Floor 

 
 

This Focus Group discussion will be moderated by Mr. Mark Blankenship, Senior 
Account Executive for RMS Strategies. RMS Strategies, a full-service custom survey 
research and consulting firm with locations throughout the southern region, provides 
expertise in the research of stakeholder perceptions and design of industry, government 
and public outreach communications strategies.  RMS has performed services for 
energy businesses and industry interest groups throughout the southern region.  RMS 
will perform a limited survey research activity for the Southeast Regional Carbon 
Sequestration Partnership to ascertain industry perceptions of the value of carbon 
sequestration research. 
 
 
 
 
10:30 a.m.   Welcome and Introductions 
   Mr. Mark Blankenship, Moderator 
   Senior Account Executive, RMS Strategies 
   Technical Team Member, Southeast Regional Carbon Sequestration 

Partnership 
 General Background Overview 
 Discussion Guidelines 

 
10:45 a.m.   Industry Perceptions of the Value of Carbon Sequestration 
    All Participants 
   Closing Remarks and Final Thoughts 
 
   Mr. Mark Blankenship 
 
12:30 p.m. Adjourn 

A G E N D A 
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APPENDIX L – SECARB INDUSTRY FOCUS GROUP DISCUSSION GUIDE 
 

Introduction (:5 minutes) 
 
Hello, my name is ______________ and I’ll be your moderator for the next 2 hours 
during our group discussion.  First of all, I would like to thank you all for coming and 
taking time out of your busy schedules.  We’ll be talking about national and state 
organizations and associations and the issues and programs they support.  Before we 
get into our discussion, I would like to share a few things about myself and the room set-
up. 
 
I’m an independent research person and am not trying to sell you anything today.  I work 
for a research company based in Charleston, West Virginia, with offices in Arlington, 
Virginia and Cincinnati, Ohio. 
 
I’ll be writing a report based on what you tell me, and in order to make sure that I’m 
accurately reflecting your views and opinions – without quoting anyone by name – I’m 
making a video and audio tape recording of our discussion.   
 
I have a few members of my research team with me who are also working on this 
project, but rather than have them be part of our discussion, I’ve asked them to sit in the 
next room. 
 
During our discussion please help yourself – one at a time – to the refreshments on the 
table.  The restrooms are down the corridor.  If there’s anything I can do to make you 
more comfortable, please let me know. 
 
I do have a few favors to ask of you.  For the sake of my tape recording, please speak 
one at a time in a voice as loud as mine.  I also want to encourage you to speak directly 
to each other.  There is no need to direct every comment to me – as long as you don’t 
have private side conversations. 
 
Finally, there are no right or wrong answers.  I want to hear as many different opinions 
as possible.  We often learn new and important things from people who do not agree 
with the majority.  So, if you have a different opinion, I’d encourage you to tell me and 
the others exactly how you feel. 
 
Let’s get to know each other a little bit before we begin.  I would like each of you to 
introduce yourself to the group:  tell us your first name, who you work for, where you live 
and one or two personal interests outside work. 
 
Warm-Up and General Environmental Issues  (:10 minutes) 
  
1. Tell me a little about the business environment your company faces today?  Is it 

better than it was five years ago, worse?  Why?     
 
2. What are some of the major issues and challenges your company or organization 

will face during the next five years? How are you preparing to deal with these issues 
and challenges? 
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3. When thinking about the environment, would you say environmental quality has 
improved, gotten worse or stayed about the same during the past few years?  Why 
do you say that? 

 
(DISTRIBUTE HAND OUT 1) I am going to give you a simple worksheet to 
complete.  You will see a number of different environmental issues and/or 
attributes.  Please tell me how important each of these issues is to your company 
or organization.  If it is an issue which is “very important” you will want to assign 
a rating of 9.  If the issue is “not at all important” you will want to assign a rating 
of 1.  You can use any number between 1 and 9 and you can use any number more 
than once.  Please let me know if you have any questions.    
 
4. Who sets your company or organization’s environmental “agenda?”  What are some 

of the issues or characteristics which are considered when setting this agenda?   
 
5. What are the most important environmental issues within your company, in other 

words, what issues are prioritized by the management and leadership, 
shareholders, et cetera?  Do you believe these issues are consistent with the 
concerns of the environmental community and general public?  Why or why not?   

 
6. What are some of the most likely environmental challenges your company or 

organization will face during the next few years?  What kinds of things is your 
company or organization doing to prepare for these issues and challenges?     

 
7. How would you describe your company’s or organization’s “attitude” regarding 

environmental issues?  How would others describe your company’s attitude 
regarding environmental issues?  Do you believe your company or organization has 
a good environmental image?  How could it be improved?   

 
8. How would you describe your company’s or organization’s working relationship with 

environmental groups?  Is there room for improvement?  Describe to me some of 
the ways in which you believe it could be improved. 

 
Climate Change Issues (:10 minutes)  
 
9. How important are climate change issues to your company’s or organizational 

leadership?  Why is it so/not so important from an internal perspective? 
 
10. Does your company or organization participate in any climate change strategies or 

projects?  If so, what are some of the projects?  How effective are these strategies 
and projects in your opinion? 

 
11. Who within your organization determines what, if any, climate change issues and 

projects you will participate in?  Describe for me how those decisions are made.  
(Probe what issues are important to determine usefulness of said 
strategies/projects such as cost, environmental impact, public perceptions, 
etc.)  
 

12. When your company or organization works in a climate change strategy or project, 
do you handle the work with internal staff or do you generally use outside 
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consultants?  Is one more effective than the other in your opinion?     
 

13. How useful or effective are these climate change projects and strategies perceived 
within your company or organization?  How could these perceptions be improved? 

 
14. How useful or effective are these climate change projects and strategies perceived 

outside your organization (by government officials, environmental groups, general 
public)?  How could those external perceptions be improved? 

 
15. What would be/are the primary benefits to your organization with regard to 

participation in climate change strategies/projects?  (Probe long-term cost, 
compliance, public perception, community outreach, etc.)    

 
Carbon Sequestration – Awareness and Image (:20 minutes)   
 
16. Can you explain to me, generally, what carbon sequestration is (PROBE 

terrestrial/geological)?  Do you believe you have a deep understanding of carbon 
sequestration?  Why or why not? 

 
17. How attainable or feasible do you believe carbon sequestration is?  What leads you 

to believe that? 
 
18. How effective do you believe carbon sequestration efforts are currently?  What 

leads you to believe that?  How effective do you believe carbon sequestration efforts 
will be in, say, the next five years?  Why do you say that? 

 
19. What are some of the major barriers you see to long-term, sustained carbon 

sequestration efforts?  How likely is it that these barriers will be addressed? 
 
20. Who are some of the “thought leaders” or experts in carbon sequestration?  Who is 

managing this effort?  Who should be leading these efforts?  Why? 
 
21. Are there any groups outside the industry who are participating in carbon 

sequestration efforts?  Who? 
 
22. How much support exists in your company’s or organizational leadership for carbon 

sequestration efforts?  Should it be more of a priority or less of a priority?  Why? 
 
23. Thinking about your industry, how much support exists for carbon sequestration?  

Do you believe more support can be garnered?  If so, how? 
 
24. How much support do you believe exists in the environmental community for carbon 

sequestration efforts?  Can it be improved?     
 
25. In your opinion, what are the primary benefits or advantages of carbon 

sequestration?  Are they the same for terrestrial carbon sequestration and geologic 
carbon sequestration?   

 
26. What are some of your concerns regarding carbon sequestration efforts?  How 

should those concerns be addressed? Are there risks (probe economic and 
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environmental risks) associated with carbon sequestration?  How do you believe 
those risks should be addressed? 

     
27. Do you believe carbon sequestration efforts could be an effective component of 

climate change strategy?  Why or why not?   
 
28. How much support do you believe your company or organization would lend to 

carbon sequestration efforts as a component of an overall climate change strategy? 
  
29. Are there any major environmental concerns you believe need to be addressed?  

What are they?  How much of a barrier do you believe environmental groups and 
the general public will be to major carbon sequestration initiatives? 

   
Messaging (:5 minutes) 
 
30. What would you describe as the most effective way to communicate the overall 

message of carbon sequestration to your company or organization?  In other words, 
who should hear the message and what should that message be in order to 
increase support? 

 
31. How would you communicate or “sell” the general public in your area on carbon 

sequestration efforts?  What would you say to them?  What benefits would you want 
to promote?  Why? 

 
32. What advice would you give to those leading the carbon sequestration efforts 

regarding working with environmental groups or interests during this process?  What 
messages would you deliver?  What concerns would you address?   
 

33. From your perspective, what is a better way to describe this issue – carbon 
sequestration or carbon capture and storage?  Why?  Is there another way you 
would describe it? 

 
34. Those are all the questions I have for you this evening.  I appreciate your time and 

participation.  Is there anything else you would like to add to our discussion which I 
may not have covered or you did not get a chance to discuss?  Thank you.   

 
The focus group activity concludes following question 34 above.   
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APPENDIX M – SECARB INDUSTRY FOCUS GROUP WORKSHEET 
 
Name: _______________________ 
 
Listed below are some specific issues.  Please tell me how important each issue is to 
your company or organization.  If it is an issue which is “very important” you will want to 
assign a rating of 9.  If the issue is “not at all important” you will want to assign a rating of 
1.  You can use any number between 1 and 9 and you can use any number more than 
once.   
 
                                                 Not at All                                    Very  
                                                 Important           Important  
 
Greenhouse Gas Emissions  
   Management   1 2 3 4 5 6 7 8 9 
 
Air Quality (NOx, SOx and  
   mercury emissions)  1 2 3 4 5 6 7 8 9  
 
Legacy Issues (including  
   post-operations land use)  1 2 3 4 5 6 7 8 9 
 
Carbon Sequestration 
(Geologic and terrestrial)  1 2 3 4 5 6 7 8 9 
 
Hydrogen technology 
research and development  1 2 3 4 5 6 7 8 9 
 
Energy security and 
assurance   1  2 3 4 5 6 7 8 9 
 
Renewable energy investments  
   (biomass, wind and solar)  1 2 3 4 5 6 7 8 9 
 
Clean coal technology 
and development   1 2 3 4 5 6 7 8 9 
 
Climate change planning 
and development   1 2 3 4 5 6 7 8 9 
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APPENDIX N – SECARB INDUSTRY FOCUS GROUP REPORT 
 

 
Executive Briefing  
Southern States Energy Board –Carbon Sequestration Focus Group 
September 2004  

 
Background & Objectives 
 
A focus group was conducted by RMS Strategies for The Southern States Energy Board (SSEB) 
on September 12, 2004 in conjunction with the SSEB annual conference.  The primary objectives 
of this research were to determine energy industry leaders’ (as represented by power generator 
and trade and interest group public affairs executives) perceptions and attitudes toward carbon 
sequestration; awareness of partnership efforts regarding carbon sequestration planning and 
strategy and perceived benefits and concerns of long-term carbon sequestration strategy.   
 
Date   Location  Group Composition  
 
September 12   Richmond, Virginia  1) Industry decision makers  
 
The focus group was moderated by Mark C. Blankenship, a Senior Vice President with RMS 
Strategies.  Focus groups are a form of qualitative research used to evaluate general attitudes, 
opinions, and reactions to issues, messages, and strategies.  The results of this research should be 
considered as directional rather than representative of a specific segment of the population.  
Additional research among different, yet important audiences, are currently in the planning 
stages.   
 
Key Findings 
 
The key findings of this focus group research are summarized below and on the pages that follow: 
 

11. Industry leaders, in particular power generators and trade associations, are aware of 
the goals of carbon sequestration and the sciences and technologies pertaining to 
carbon sequestration. This is driven by: 

 
• Active participation by represented organizations in carbon sequestration 

efforts. 
 

• Increased organizational awareness of/focus on climate change issues. 
 

• Heightened “colleague to colleague” discussions regarding carbon 
sequestration in recent years, including joint carbon sequestration activities.  

 
• Increased media attention, mostly in the energy industry trade media. 
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• The United States Department of Energy’s Regional Carbon Sequestration 

Partnership program in general and the Southeast Regional Carbon 
Sequestration Partnership program specifically, which were cited as 
important to industry awareness through “learning by doing.”   
 

12. In most organizations represented, corporate environmental policy is established or 
set by the organization’s leader (i.e. Chief Executive Officer/President).  However, 
the process to inform and assist his/her decision making process can vary.  
 

• While all stated that CEOs pay particular attention to the environmental 
issues or challenges faced by his or her company, they noted that some 
CEOS will more actively give directives to his/her environmental team based 
upon a desired course.  
 

• In other organizations, the CEO expects his/her environmental team to 
evaluate and make recommendations regarding environmental policy.  At 
that point, the CEO will make the ultimate decision which sets environmental 
policy and goals.   
 

• Shareholders, and the pressure they sometimes place on corporations 
regarding environmental issues, should not be discounted as it appears to 
factor into the decision making process in some instances.   
 

13. Industry leaders are far less aware of who is currently coordinating carbon 
sequestration efforts from either a national or local perspective. 
 

14. In terms of who should be coordinating these efforts, industry leaders believe the 
United States Department of Energy is best suited.  This is largely because, as the 
federal agency with the greatest information pertaining to carbon sequestration, the 
department will be better equipped to provide management and oversight.  However, 
partnership organizations such as SSEB, have credibility among these industry 
leaders to administer and communicate about sequestration programs.   

 
15. As most perceive the energy industry to be in constant flux due to regulatory 

uncertainty (and believe this holds particularly true in regards to all issues pertaining 
to climate change), they have not necessarily embraced carbon sequestration as a 
long-term solution. Greater communication with industry may help, such as 
providing information on the “economic, environmental and social benefits,” but the 
key for industry to embrace carbon sequestration (and greenhouse gas mitigation 
programs in general) as a long-term solution is scientific and regulatory certainty.   
 

16. While the greenhouse gas mitigation potential of carbon sequestration is important, 
the cost of individual efforts seems to be the primary concern driving climate change 
strategies.  

 
17. The cost benefits of carbon sequestration must be demonstrable and communicated to 

relevant industry leaders in order to solidify support for such efforts.  Unanimously, 
focus group participants agreed: it will be very difficult for their organizations to 
participate in most climate change efforts without demonstrable cost benefits.  
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Possible efforts that could influence organizational decision making regarding 
sequestration and cost benefits include: 

 
• Carbon offset and trading programs are perceived as potential positives that can 

reduce the cost of activities. 
 
• Terrestrial sequestration efforts that coincide with organizational land management 

practices are seen as potential positives that reduce the cost of activities. 
  

18. Industry leaders do not have a great deal of trust and confidence in the environmental 
community to support a long-term carbon sequestration initiative. Specifically:    

 
• Most are skeptical due to their previous experiences with the environmental 

community.  
 

• Some believe that the environmental community will ultimately fail to 
embrace sequestration because of the possibilities that sequestration could 
allow for the continued use of fossil fuels for power generation. 

 
• While they are not hopeful of environmental community support, this is not 

to imply that they would not welcome such participation.   
 

• Despite any skepticism they may have, they believe carbon sequestration 
must be properly communicated and that supportive environmental groups 
must be engaged to creative a positive public environment for these 
activities. 

 
19. Industry leaders understand the need to market and promote the benefits of carbon 

sequestration to the general public.  However, they are unlikely to undertake these 
activities themselves and, further, feel that their positive environmental actions go 
unnoticed by the media (in some cases because little was done to promote these 
positive steps). 

 
20. A major internal (industry-specific) communications effort is warranted.  The 

communications efforts should include:  
 

• Information on the economic, environmental and social benefits of carbon 
sequestration. This should include the cost-benefits of carbon sequestration to a 
particular industry or company. 

 
• A credible and known messenger such as the Southern States Energy Board or 

the United States Department of Energy.   
 

• A clear and definitive long-term strategy coupled with regular “progress” reports.  
 

• Assistance in understanding the regulatory landscape of carbon sequestration in 
the immediate and long term to bring about a measure of certainty for industry.  
 

• Coordination with local and national environmental groups/interests.  
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• A central source to assist in positive communications regarding carbon 
sequestration at the local level (i.e. public relations efforts not just from a 
national perspective but at the local level also to avoid NIMBYism).   
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APPENDIX O – ENVIRONMENTAL NGO INTERVIEW LETTER 
 

Dear __________:   
 

This is not a sales solicitation.  The Southeast Regional Carbon Sequestration 
Partnership, a U.S. Department of Energy-sponsored research initiative, is examining 
the feasibility of implementing carbon sequestration activities in the southeastern United 
States as a means to address greenhouse gas emissions. Carbon sequestration 
involves efforts to capture and store emissions, as opposed to allowing these gases to 
escape into the atmosphere, where they could contribute to climate change. 
 
As the coalition moves forward with its research, it is committed to ensuring that the 
southeast region is educated about these important activities. Therefore, the Southeast 
Regional Carbon Sequestration Partnership requests your input as we seek to shape our 
education and outreach efforts. We hope to ensure our activities are effectively 
communicated to the environmental community and other stakeholders.   
 
As a leader within the southeastern environmental community, please consider spending 
a few minutes of your time via teleconference to discuss how we can best communicate 
our activities to the southeastern community in a manner that ensures open dialogue.  
My company, RMS Strategies, a member of the research partnership, will be in contact 
to schedule a brief discussion.  Or if you wish to contact us directly to better understand 
the process or to schedule an interview, please feel free to contact Kali Dykes or myself 
at 304.343.7655.  RMS Strategies is a national pubic opinion and issues research firm.  
To learn more about our credentials, feel free to visit our website at 
www.rmsstrategies.com.   
 
It is important to note that we are not seeking an endorsement of our research activities 
through this dialogue. The information you provide will be strictly confidential.  At no 
point will our conversation be recorded.  We simply seek to utilize the feedback of 
regional leaders to shape effective community outreach processes.  Our goal is to 
ensure that the southeastern region is equipped with the knowledge to make informed 
decisions about carbon sequestration’s potential as a regional solution. In advance of 
our dialogue, you can learn more about the partnership’s efforts by visiting: 
www.secarbon.org 
 
Thank you in advance for your assistance.  I look forward to a productive dialogue. 
 
Sincerely, 
 
Mark Blankenship 
Senior Vice President 
RMS Strategies  
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APPENDIX P – ENVIRONMENTAL NGO INTERVIEW DISCUSSION GUIDE 
 

Opening statement (to be read by the interviewer):  
 
Hello, my name is __________ and I am conducting this discussion on behalf of 
the Southeast Regional Carbon Sequestration Partnership. Thank you very much 
for your participation.  
 
The partnership is a U.S. Department of Energy-funded effort to study the 
potential for capture, storage and sequestration of carbon dioxide in the 
Southeast. This project seeks to research carbon sequestration as one possible 
solution to greenhouse gas emissions and climate change issues. The 
partnership consists of university and other research institutions, businesses and 
state agencies, under the direction of the Southern States Energy Board, a 
regional energy policy organization. 
 
Efforts to capture, store and sequester carbon dioxide gas may be new to you, 
but the techniques and topics are similar to energy and environmental issues for 
which you may be familiar. For example, carbon sequestration can involve 
capturing power plant emissions and injecting the carbon dioxide gas into coal 
seams or oil and gas reservoirs – a process called geologic sequestration, which 
has similarities to gas injection methods practiced by industry. It can also include 
forestation and land management practices that ensure carbon is captured – a 
process called terrestrial sequestration. Thus far, our research has largely been 
on paper. In the future, we may begin physical research as well, undertaking 
geologic and terrestrial sequestration test activities in the southeast. 
 
As this research effort seeks to develop solutions that can be acceptable across 
the region, an important part of this project is community outreach. Therefore, it 
is important for us to understand how those active in their communities, 
especially regarding environmental issues, feel about this effort and how they 
would like to be engaged in this process.  We want to know how best to ensure 
an open dialogue as our research effort moves forward to ensure that all 
stakeholders are empowered with the knowledge to make informed decisions 
about carbon sequestration.   
 
With this discussion, we hope to learn about your approach to environmental 
issues, to understand your views on effective communications along these lines, 
and to learn your thoughts on carbon sequestration. 
 
It is important to note that I am not a technical expert on this subject and cannot 
answer any detailed questions about carbon sequestration or the project. I can 
relate any questions you may have to the appropriate member of our team. 
However, our goal is to learn from you, so that, if and when, we may begin to 
consider our approaches to physical research, our efforts are effectively 
communicated to the public. Once again, thank you for your participation. I’ll now 
begin with my set of questions. 
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Questions (to be read by interviewer): 
 
Warm-Up and General Environmental Issues  
 
1) Tell me a little about your organization. What are your major focus areas and 

efforts? 
 
2) Who sets your organization’s environmental agenda/goals?  What are some 

of the issues or characteristics which are considered when setting this 
agenda? 

 
3) How do you deal with new issues and challenges that may fall within or even 

beyond your initial agenda/goals? 
 
4) When thinking about the environment, would you say environmental quality 

has improved, gotten worse or stayed about the same during the past few 
years?  Why do you say that?    

 
5) Do you believe other stakeholders, such as industry, government and 

researchers, share your concerns and goals?   
 
6) How would you describe your organization’s working relationship with these 

other stakeholders? Could relations be improved? How so?   
 

Outreach Issues  
 
7) In general, regarding projects or facilities that may have environmental 

impacts, whom should the project developers engage in the process to 
ensure the public is properly informed? 

 
8) When a project or facility is of interest to your organization, when do you 

typically become engaged in the process? For example, are you engaged 
when a project is on the drawing board, or do you become aware after an 
environmental incident? When would you prefer to be engaged? 

 
9) How do you become engaged? For example, do project developers inform 

you of impending projects, or do you generally become aware through public 
means, such as the newspaper or local resident input? How would you prefer 
to be engaged? 

 
10) Does your organization often deal with research projects, where the findings 

are not yet known? 
 

DE-FC26-03NT41980

SECARB Deliverables Appendix Document
Volume I

Page 205 of 548



 
 

75

11) How would you deal with such a project, were one to locate in your state? 
What type of information would you expect to receive from the project 
developers?  

 
12) Who should the research project developers engage in the process to ensure 

the public is properly informed? 
 
13) Regarding research projects, are there affiliations that would be advisable for 

such projects, as it pertains to public opinion? Is federal government 
participation helpful or harmful? Industry participation? University research 
participation? Public official participation? 

 
Carbon Sequestration 
 
14) Can you explain to me, generally, what carbon sequestration is (PROBE 

terrestrial/geological)?  Do you believe you have a deep understanding of 
carbon sequestration?  Why or why not? 

 
15) How attainable or feasible do you believe carbon sequestration is?  What 

leads you to believe that? 
 
16) What are some of the major barriers you see to long-term, sustained carbon 

sequestration efforts?  How likely is it that these barriers will be addressed? 
 
17) Who are some of the “thought leaders” or experts in carbon sequestration?  

Who is managing this effort?  Who should be leading these efforts?  Why?  
 
18) How much support exists for carbon sequestration among the environmental 

community?  Should it be more of a priority or less of a priority?  Why?  
 
19) In your opinion, what are the primary benefits or advantages of carbon 

sequestration?  Are they the same for terrestrial carbon sequestration and 
geologic carbon sequestration? 

 
20) What are some of your concerns regarding carbon sequestration efforts?  

How should those concerns be addressed? Are there risks associated with 
carbon sequestration?  How do you believe those risks should be addressed?  

 
21) Do you believe carbon sequestration efforts could be an effective component 

of climate change strategy?  Why or why not? 
 
22) How much support do you believe your organization would lend to carbon 

sequestration efforts as a component of an overall climate change strategy? 
 
23) Are there any major environmental concerns you believe need to be 

addressed?  What are they? 
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24) From your perspective, what is a better way to describe this issue – carbon 

sequestration or carbon capture and storage?  Why?  Is there another way 
you would describe it?    
 

Closing statement (to be read by the interviewer):  
 
Those are all the questions I have for you.  Thank you very much for your time.  
Your responses will help the partnership shape its public outreach. Is there 
anything else you would like to add to our discussion which I may not have 
covered or you did not get a chance to discuss?  Please don’t hesitate to contact 
me with any further questions or follow-up thoughts.  Thank you.   
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APPENDIX Q – ENVIRONMENTAL NGO INTERVIEW REPORT 
 

 
Executive Briefing  
Southern States Energy Board –Carbon Sequestration In-Depth 
Interviews with Environmental Interests  
February 2005  

 
Background & Objectives 
 
RMS Strategies conducted 7 in-depth interviews for The Southern States Energy Board (SSEB) 
during the month of February of 2005.  The primary objectives of this research was to determine 
environmental leaders’ perceptions and attitudes toward carbon sequestration technology; 
awareness of partnership efforts regarding carbon sequestration planning and strategy and 
perceived benefits and concerns of long-term carbon sequestration strategy.  The interviews were 
conducted among decision makers (i.e. executive directors) representing several environmental 
organizations or religious groups with environmental agendas in the southeastern area of the 
United States.  
 
All interviews were conducted by Mark C. Blankenship and Kali Vernon of RMS Strategies.  
Both are qualified and experienced opinion researchers with extensive experience conducting in-
depth interviews for national and regional clients. In-depth interviews are a form of qualitative 
research used to evaluate general attitudes, opinions, and reactions to issues, messages, and 
strategies.  The results of this research should be considered as directional rather than 
representative of a specific segment of the population.     
 
Key Findings 
 
Environmental groups and organizations have moderate awareness of the concept of carbon 
sequestration.  However, awareness of specific carbon sequestration efforts or practices from a 
regional or national perspective is far lower.  Concerns such groups have with the concept will be 
further discussed shortly.   
 
Environmental groups and organizations generally establish their strategies and issues among 
small groups of leaders within that organization (i.e. board, advisory council, executive director).  
Specific issues are usually categorized within broader issue areas put forth by the organization 
(i.e. clean air initiatives, clean water, fossil fuels).  Several factors have influence upon these 
organizations when determining to become involved in an issue or not.  Several environmental 
leaders evaluate issues based on the broad reaching nature or impact of the associated policies.  If 
the policies are broad reaching with the ability to impact a great audience, the likelihood an 
environmental group will become involved is greater.  Groups also tend to evaluate if an issue is 
“winnable.”  They choose to endeavor in issues which they are confident they can impact the 
outcome.  Most groups have moderate to low financial resources to allocate to specific causes.  
Therefore, they want to have degree of confidence they can spend the money accordingly and 
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only on issues they determine they can champion.  Also, environmental organizations will assess 
if any of their cohorts or industry colleagues and organizations have ownership roles on a 
particular issue.  If an organization has already defined itself as the environmental lobby’s leader 
on a particular issue, it is far more likely other organizations will serve in supporting roles to the 
leader of the issue.  Lastly, these organizations rarely set their agendas based on a specific piece 
of legislation or policy.  Most seek flexibility in their agendas.   
 
No organization representative described their relationships with industry and corporate citizens 
as adversarial or acrimonious.  In fact, most said they had cordial relationship with these entities 
which is not to imply they agree with them on the majority of issues.  Companies and industry 
representatives who open their doors to environmental groups and include them in pertinent 
dialogues are generally viewed more favorably by the environmental lobby.  A little 
communication can and does go a long way.  Less favorable impressions of industry are created 
when that industry segment is seen as disinterested in dialogue with the environmental groups or 
exclusionary.  Environmental representatives do not believe or expect their agendas to be adopted 
in whole by industry and corporations.  However, they do believe industry could work harder to 
include them in planning and strategy on major projects that will certainly have environmental 
impacts.  Usually, environmental groups believe industry representatives to not want to “reach 
out” and as a result the groups with whom we spoke tend to view them more skeptically.   
 
Because of limited resources, environmental groups use the media to gain exposure and attention 
for their issues.  It should be noted that these groups work extremely hard to build relationships 
with local and regional members of the media (broadcast, print, radio).  They use these 
relationships when they are pitching their major issues and agenda items.  Other outreach efforts 
are of the grass roots nature.  It is not uncommon for the representatives to discuss door-to-door 
campaigns, telephone banks, letter writing, and pickets/protests as other means by which they 
communicate their messages.  Advertising, save Internet websites and email, is generally a very 
low priority as means of communications for these groups.  Usually this is a result of limited 
financial resources.   
 
Third party based research or research conducted by the environmental organizations is the 
preferred method by which these groups become familiar with an issue.  Research studies or 
projects conducted by the industry generally have little credibility with these groups.  
Government research projects also have a great deal of credibility with these organizations and 
are important in their education process.  Often times, environmental organizations will share 
research and studies they have conducted with their colleagues.   
 
Carbon sequestration is known conceptually among environmental organizations in the 
southeastern region of the United States.  However, specific applications, functions, processes, et 
cetera, are still unknown.  Because there is such uncertainty regarding the process and plans, 
environmental groups are taking a wait-and-see approach.  Most have gathered information from 
media and industry “chatter” but have seen no formal proposals or independent research 
regarding carbon sequestration.  Without question, environmental representatives agree that any 
effort to reduce carbon emissions is noble and needed, they are less confident in the success of 
efforts to sequester carbon.  Some repeated questions from these representatives include: what 
amount of carbon that can be captured? Where and how will it be stored? For how long can it be 
stored? What environmental impact will sequestration have on the oceans, forests and ground?  It 
is fair to conclude that environmental groups are excited about the possibility of carbon 
sequestration as part of a solution to emissions but, until technical questions are answered, they 
remain uncommitted to supporting the effort.  The majority expect carbon sequestration to 
become a bigger and more prominent issue during the next few years.  To be successful it is 
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important to educate and include environmental organizations in the on-going planning and 
implementation of carbon sequestration efforts.  Addressing concerns these groups have 
regarding the technical side of this equation is paramount.  In order to gain initial credibility, 
education should come in the form of third party research efforts, government studies and 
explanations and in the spirit of inclusion.   
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APPENDIX R – ENVIRONMENTAL HISTORY RESEARCH LETTER 
 

Dear _______________: 
 
The Southern States Energy Board is conducting a telephone survey on environmental 
issues in the Southeast. As a state energy leader in the southern region, we would be 
honored if you could assist us by participating in this effort. 
 
As you may be aware, the Board is the managing entity for SECARB, the Southeast 
Regional Carbon Sequestration Partnership, a U.S. Department of Energy-funded and 
industry-supported effort to study the potential for capture, storage and sequestration of 
carbon dioxide in the Southeast. This project seeks to research common sense solutions 
to greenhouse gas emissions reduction and climate change issues. 
 
An important part of this effort is public outreach. Through this survey, we hope to gain 
knowledge of the environmental issues unique to each state in the SECARB region to 
better understand how these issues may relate to our carbon sequestration effort. 
 
The survey, in the form of a telephone interview, would take no more than 30 minutes of 
your time. A representative from The Phillips Group, which is assisting the SSEB with 
this effort, will be in contact to schedule a convenient time for the interview.  
 
As your input in this process would be of great value to our effort to research new 
environmental solutions for the Southeast, I ask that you please consider participating. 
 
Thank you in advance for your assistance. 
 
Sincerely, 
 
Ken Nemeth 
Executive Director, SSEB 
Project Manager, SECARB 
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APPENDIX S – ENVIRONMENTAL HISTORY INTERVIEW DISCUSSION GUIDE 
 
Hello, my name is __________ and I am conducting this interview on behalf of the 
Southern States Energy Board-led Southeast Regional Carbon Sequestration 
Partnership, known as SECARB. 
 
Thank you once again for participating in this research effort. As you may be aware, the 
Southern States Energy Board is the managing entity for SECARB, which is a U.S. 
Department of Energy-funded and industry-supported effort to study the potential for 
capture, storage and sequestration of carbon dioxide in the Southeast. This project 
seeks to research common sense solutions to greenhouse gas emissions reduction and 
climate change issues.  
 
An important part of this project is public outreach. Therefore, it is important for us to 
understand the environmental lay-of-the-land, so to speak, in your state. Efforts to 
capture, store and sequester carbon dioxide gas may be new to the Southeast and to 
your state, but the techniques and topics are similar to energy and environmental issues 
for which your state may be familiar. 
  
With this discussion, we hope to learn the unique energy generation and environmental 
protection circumstance in your state, and to analyze how these circumstances may 
relate to our research into carbon sequestration. Once again, thank you for your 
participation. I’ll now begin with my set of questions. 
 
Questions 
 

1. Please provide me with a brief overview of your office’s responsibilities. 
2. How would you characterize your state’s efforts to balance energy production 

with environmental protection and economic growth? Is there room for 
improvement? Are there specific examples of successes? 

3. How does industry view your state’s permitting process for energy projects, such 
as natural resources extraction projects, energy generation projects, etc.? That 
is, does industry view the process as fair or overly burdensome? 

4. How do citizen and environmental groups view the permitting process? 
5. Generally, how are current natural resource extraction and energy generation 

projects viewed within your state by the general public and by citizen and 
environmental groups? Are there past or on-going environmental protection 
issues with these projects that have generated negative feelings on the part of 
the general public and/or citizen and environmental groups? Are there any 
noteworthy examples? 

6. Generally, how are new natural resource extraction and energy generation 
projects viewed by the general public and by citizen and environmental groups? 

7. In the above cases where there have been or are negative reactions, is the 
opposition locally based (i.e., from local NIMBY factions) or state based (i.e., 
from active statewide or regional environmental groups)? 

8. What are the biggest hurdles to energy generation in your state? 
9. What are the biggest hurdles to environmental protection in your state? 
10. Specifically, how is coal-fired power generation viewed within your state by the 

general public and by citizen and environmental groups? 
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11. Specifically, how is carbon dioxide injection for enhanced oil and gas recovery 
viewed within your state by the general public and by citizen and environmental 
groups? 

12. Specifically, how important are climate change issues within your state? 
13. How receptive is the general public and citizen and environmental groups to new 

energy and environmental research initiatives involving fossil fuels? 
14. What is the most contentious energy generation or environmental protection 

issue in your state right now? 
15. What is the most contentious issue in your state right now, outside of energy 

generation or environmental protection? 
16. Thank you very much for your time. Your responses will help the SSEB to move 

forward on its research efforts. Please don’t hesitate to contact me with any 
further questions or follow-up thoughts. 
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APPENDIX T – ENVIRONMENTAL HISTORY RESEARCH REPORT 
 
SECARB Outreach Research 
Interview Overview & Summary 
 
• Interviewees strongly urged the active involvement of environmental groups on 

energy related projects (permitting, current and new project development, and 
research initiatives).  Early and ongoing education was suggested in order to 
minimize controversy and negative perception of projects.  Some states stated that 
positive relations with environmental groups had occurred in the past primarily 
because the groups were actively involved in decision-making processes and aware 
of significant issues and projects.  Interviewees noted the following as issues with 
high sensitivity to environmental groups: rate increases, merchant plants, pollution 
and air quality, siting, and nuclear and processing plants. 

 
• A lack of public awareness toward energy-related projects was noted by many 

interview participants.  Most felt the general public had very little, if any, 
understanding of carbon sequestration.  Again, they communicated the need for 
public education and awareness in gaining and maintaining public support for energy 
initiatives. 

 
• Of those states in which natural resource extraction projects were possible or likely, 

respondents felt these projects would be perceived as favorable because of the 
economic benefit (job creation).   

 
• When asked about hurdles to energy generation and environmental protection within 

their states, interviewees responded with similar answers in both areas.  The most 
predominant barriers sited were: (lack of) infrastructure, high cost, resources 
(manpower and money), low awareness & public perception, stringent regulations 
and management of federal regulations, and achieving a balance between economic 
and environmental. 

 
• Air quality (auto & coal-fired emissions) was overwhelmingly sited as the prime 

contentious energy generation/environmental protection issue. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

DE-FC26-03NT41980

SECARB Deliverables Appendix Document
Volume I

Page 214 of 548



 
 

84

APPENDIX U – RCSP QUESTIONS AND ANSWERS 
 

A. FREQUENTLY ASKED QUESTIONS 

Frequently Asked Questions 

Protecting Human Health and the Environment  
1. How Can We Trust That Geologic Sequestration Will Be Safe Now and in the 

Future?   
2. What Does It Mean to Do Field Tests and Why Do You Need to Do Them?  
3. Will Injecting Carbon Dioxide in the Ground Send Other Chemicals to the 

Surface?  
4. What Are The Possible Effects of High Exposure of Carbon Dioxide to Animals 

or Humans?   
5. What about Today’s Problems?  How Does Sequestration Reduce Current 

Negative Impacts of Coal Burning, Such as Asthma in Kids? 
 
Ensuring the Integrity of Sequestered Carbon Dioxide Reservoirs  

1. How Do You Know That Carbon Dioxide Injected into the Ground Will Stay 
There? 

2. What Happens if Injected Carbon Dioxide Leaks? 
3. What Is A Geologic “Seal” and How Can We Be Sure That Geologic Seals Will 

Hold?  
4. Could Carbon Dioxide from a Nearby Geologic Sequestration Site Leak into 

My Basement? 
5. What Will Happen to Sequestered Carbon Dioxide if there Is Seismic Activity 

Nearby? 
6. Who Regulates Carbon Dioxide Sequestration?  

 

Effectively Managing Field-Testing Operations  
1. How Are You Going to Decide Where to Do Field-Testing?  
2. Why Go to All This Trouble Now if Climate Change Isn’t Supposed to 

Happen for 100 Years?   
3. What Alternatives Did You Consider in Addition to Carbon Dioxide 

Sequestration?  
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Frequently Asked Questions 
 

Protecting Human Health and the Environment  
 
1. How Can We Trust That Geologic Sequestration Will Be Safe Now and in the 
Future?  
Geologic Sequestration is the storage of carbon dioxide in deep underground rock 
formations.  These formations can include depleted oil and gas reservoirs, coal seams that 
are too deep or too thin to be mined economically, and formations of water that are far too 
salty and too deep to be used for drinking water or any other purpose.  These formations 
are known to have safely held naturally occurring pockets of carbon dioxide for millions 
of years, and they have the potential to safely hold man-made carbon dioxide as well.   
 
The oil industry has been safely injecting carbon dioxide into mature oil fields for over 30 
years with an exemplary safety record.  The carbon dioxide is injected to re-pressurize old 
wells in order to enhance recovery of oil and gas.  There has never been an accident or 
safety problem related to these operations. With advanced drilling techniques, 
engineering, and analysis available today, that safety record should continue in the future.  
And, scientists are continuing to improve the techniques for injecting the gas to do so even 
more safely.  Scientists are also developing ways to better understand how carbon dioxide 
moves within deep rock formations.  This information will be used to test and develop 
models to predict what will happen to the injected carbon dioxide and monitoring and 
verification equipment installed at each site is used to make sure the gas behaves as 
predicted and to detect any leaks if they do occur. 
 
2. What Does It Mean to Do Field-Tests and Why Do You Need to Do Them?  
There is an old saying: “measure twice, cut once” which is a way of saying, make sure 
something will work before you commit to it. That’s what field testing is about. Scientists 
are pulling together a lot of information which suggests that carbon dioxide can be 
injected into geologic formations and stored virtually indefinitely. Yet it really has not 
been done in a large way, so before committing to this technology and the expense of 
building facilities, field-testing will be used to make sure it works and to perfect the 
methods used for injection, monitoring and long-term management of storage facilities.  
 
Field-testing involves starting with small-scale tests under controlled and well-
understood conditions and then increasing the size and complication of those tests in 
order to scale up to real-life conditions. The initial field-tests will be conducted in 
formations that are well mapped and well understood by scientists – and in locations or 
under conditions where they cannot harm humans or the environment even if the worst 
happens. As the tests show which techniques work, those techniques will be tested at 
increasingly larger scale, with safeguards to ensure they will not harm humans or the 
environment, in order to determine whether and how it can be used at large-scale.  
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As an analogy, even a powered model airplane can demonstrate the principles of flight 
and steering used in a Boeing 747.  Yet there were several levels of planes developed and 
tested before large jets were used for commercial flight. In the same way, field-tests of 
carbon dioxide sequestration will both determine if it works and will help scientists to 
determine the safeguards necessary to protect the public and the environment. 
 
3. Will Injecting Carbon Dioxide in the Ground Send Other Chemicals to the 
Surface? It is unlikely that injection will cause other chemicals to come to the surface. 
When carbon dioxide is injected into the ground it can have at least two effects. The first 
is that is increases pressure in the formation into which it is injected and the second is 
that it reacts with the deep salt water in formations into which is injected and can make 
that water more acidic. The increased pressure is not likely to send other chemicals to the 
surface and monitoring will be used to make sure this does not happen. The more acidic 
water can dissolve minerals, including heavy metals, from the surrounding rock 
formations and then those dissolved minerals can migrate with the water through the rock 
formation. This is known as a plume.  Scientists currently use monitoring to track the 
migration of plumes in groundwater. Sequestration sites will be selected because they are 
isolated from ground water by layers of dense rock, so that any dissolved carbon dioxide 
plume would not be able to seep into ground water.  This same tracking should prevent 
other minerals dissolved in the salt water from migrating into ground water. If monitoring 
shows that a plume is getting to close to groundwater supplies then steps such as 
pumping can be used to prevent contamination.    
 
4. What Are the Possible Effects of High Exposure of Carbon Dioxide to Animals or 
Humans?  Carbon dioxide (CO2) is a natural gas in Earth’s atmosphere that is essential for 
plant life and survival of plants and animals.  It is not toxic like Carbon monoxide (CO), 
and it does not pose a danger at the low levels in the atmosphere or the levels in our breath 
when we exhale.  However, as with any gas besides oxygen, at higher levels it can prevent 
us from breathing and cause headaches, dizziness, and similar side effects.  At extremely 
high levels, exposure can cause unconsciousness, coma, or even death.   
 
There are a few cases where natural sources of carbon dioxide have leaked in a sudden 
rush, causing very high carbon dioxide levels in the air but usually it very quickly 
disperses in the air and poses no threat. Some geysers, like Crystal Geyser, are “powered” 
by pockets of naturally occurring carbon dioxide rather than geothermal energy. Such 
geysers erupt periodically, releasing trapped carbon dioxide which dissipates so quickly 
into the surrounding air that they are a tourist attraction rather than a source of danger. In 
a rare case in 1986, enough carbon dioxide was released at Lake Nyos that many people 
and animals in the surrounding valley suffocated to death. In that case, they determined 
that by putting a bubbler, like a water fountain, in the lake and running it all the time, 
they could prevent such a large amount of naturally occurring carbon dioxide from 
getting trapped in the bottom layers of the lake and posing a threat to people and animals.  
 
Proper ventilation and protective gear will enable workers who handle carbon dioxide to 
avoid any problems during carbon dioxide capture, transport and injection. Once injected, 
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carbon dioxide will be monitored and the surrounding sites will include carbon dioxide 
monitors to determine if any leaks occur. If a leak is detected then ventilation and other 
methods can be used to prevent it from accumulating at levels that could be harmful.  
 
Finally, low levels of carbon dioxide could seep to the surface and remain trapped in the 
soil layer. In this case the increase carbon dioxide concentrations could have a negative 
effect on vegetation. Checking the health of vegetation and the concentration of carbon 
dioxide in soils near geologic sequestration sites is one way to monitor for leaks.  
 
5. What About Today’s Air Pollution Problems?  How Does Sequestration Reduce 
Current Negative Impacts of Coal Burning, Such as Asthma in Kids?  The 
Department of Energy is funding research into ways to reduce other emissions from 
power plants, including mercury, sulfur dioxide (which causes acid rain), and small 
particles and soot that can exacerbate asthma.  One of these technologies is called coal 
gasification, where the coal is turned into a gas, and all the impurities are stripped out, so 
the gas burns very cleanly and efficiently.  This method also enhances the ability to 
capture carbon dioxide and inject it underground. The Carbon Sequestration Program will 
not have a direct impact on these pollutants, but it could work well with emerging 
technologies to improve the way we use coal and other fossil fuels. 

Ensuring the Integrity of Sequestered Carbon Dioxide Reservoirs  
 

1. Will Sequestered Carbon Dioxide Leak and How Can You Detect It If It Does?  
There is no guarantee that carbon dioxide sequestered in underground geologic 
formations won’t ever leak. However, in the petroleum producing areas of the United 
States, oil and gas deposits, as well as naturally occurring carbon dioxide gas, have been 
trapped underground for millions of years.  With proper construction and monitoring, 
there is a very high probability that these same formations will also prevent the 
significant leakage of carbon dioxide.  Sites will be chosen carefully, and only the ones 
with the best geology will be picked for projects.  The U.S. is also fortunate to have lots 
of experience storing natural gas, in which gas is injected underground during the 
summer and then recovered to heat homes in the winter.  That experience can be applied 
to carbon dioxide sequestration as well.  Carbon dioxide is a much safer, non-
combustible gas compared to natural gas, which is used for heating homes, cooking, and 
home water heating.  By understanding where natural gas storage has been safe and 
successful, we can apply that knowledge to carbon dioxide sequestration. 
 
The rock formations chosen for carbon dioxide sequestration will normally be more than 
2,000 to 2,500 feet underground. There is, of course, the remote possibility of an 
undetected fracture in the rock that could allow carbon dioxide to migrate upward toward 
the surface. However, even if this did happen, movement is expected to happen slowly 
because it takes a long time to move through all the different layers of rock. There are 
two kinds of leaks to be concerned about: large, rapid leaks and small, slow leaks.  
 
When carbon dioxide is injected into geologic formations, it is injected into porous rock, 
like sandstone. If it is injected using best engineering practices, then it is impossible for 
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injected carbon dioxide to escape rapidly like the carbon dioxide burps coming from 
geysers and volcanoes. There are a variety of tests and mapping activities that are used 
before injection to determine that a site is acceptable for injection. Such testing should 
reveal if there are fractures in the cap rock and other faults that could provide an avenue 
for more rapid escape. Even if these are in the formation, the carbon dioxide would first 
need to seep out of the formation into the fault before migrating to the surface. Therefore, 
scientists are reasonably certain that large rapid leaks will not be a problem when best 
engineering practices are used in carbon dioxide injection.   
 
The oil and gas industry has extensive knowledge of monitoring leaks of various gases 
from their wells. We can use the same technology that has been used by the underground 
gas storage and petroleum industries for over 50 years to check on the integrity of stored 
carbon dioxide.  There are several methods that are used together: 1) monitoring for 
changes in the gas pressure in the site – a loss of pressure suggests a leak; 2) using “tracer 
gases” much like tracer bullets, that help scientists to detect where the gas is going; 3) 
looking for changes in soil composition that might suggest a leak; and, 4) using satellites 
designed to monitor for leaking gases. Modern engineering practices and the commercial 
experience of the oil and gas industry indicate that any significant leaks over a period of 
months, years, or decades are unlikely and that any such leaks that might occur can be 
managed so that they would not pose a significant risk to people or the environment.  
 
This experience is less helpful in monitoring for small, slow leaks. There is some concern 
that such slow leaks could become a significant source of future atmospheric carbon 
dioxide loading over the course of a century. This is the subject of considerable ongoing 
research both to develop methods to monitor for such leaks and to mitigate those leaks if 
they occur. 
 
2. What Happens If Injected Carbon Dioxide Leaks?  Carbon dioxide occurs naturally 
in the environment, it is a big component of the air we exhale when we breathe and it is a 
by-product of burning fossil fuels - even of burning wood in your fireplace. The first step 
to take, if carbon dioxide leaks, is to ensure that it does not accumulate at levels that are 
harmful. This can be done in the short-term through increased ventilation if necessary. 
The source of the leak needs to be determined and a mitigation strategy developed. If the 
leak is through the injection well, measures can be taken to repair the well. If the leak is 
through a fracture in the cap rock then more drastic measures such as pumping out the 
carbon dioxide or inducing pressure in the reservoir can be used to prevent further 
leakage.  If the field-testing of carbon dioxide sequestration or the practical experience 
with it shows that it cannot be stored in geologic formations over time, then other 
approaches to mitigating greenhouse gases will be need to be relied on more heavily. 
Additional research is underway to improve the methods for mitigating any potential 
leaks. 
 
3. What Is a Geologic “Seal” and How Can We Be Sure That They Will Hold?  The 
term ‘seal’ or ‘caprock’ refers to one or more layers of rock that separate the reservoir 
where carbon dioxide is injected from the surrounding formations, particularly freshwater 
zones near the surface.  These layers prevent carbon dioxide and other fluids, such as the 
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water in saline aquifers, from moving beyond the zone where they are injected.  For 
example, a sandstone layer allows lots of movement of fluids among the pores between 
the sand particles, and is a good place to inject carbon dioxide. For the same reasons, 
sandstone is a bad seal.  On the other hand, clay has very small pores, and is a very good 
seal, so you would want to inject the gas into a sandstone layer that was underneath a clay 
layer. 
 
4. Could Carbon Dioxide from a Nearby Geologic Sequestration Site Leak into My 
Basement?  It is unlikely that injected carbon dioxide will migrate to basements, 
especially at this stage of field-testing where smaller amounts of carbon dioxide are being 
injected and there is extra monitoring.  That said, if a house were close to a sequestration 
site, there is a remote chance of this happening.  Monitors, just like radon and carbon 
monoxide monitors from the hardware store could be used to check carbon dioxide 
levels. The first line of defense is selecting sites where this is not likely to happen and 
then using best engineering practices to ensure carbon dioxide is injected properly. 
Further, the use of underground monitoring and leak detection will be conducted at a 
depth that is much deeper than any basement, and in fact that is below drinking water 
supplies and groundwater levels. These actions should prevent injected carbon dioxide 
from seeping to the surface and accumulating in areas like basements.  
 
5. What Will Happen to Sequestered Carbon Dioxide if there Is Seismic Activity 
Nearby?  The impact of a seismic event on a geologic carbon dioxide storage site would 
depend on the magnitude and location of the event.  It could cause the formation where 
the carbon dioxide is stored to break apart, which could change the interaction between 
the carbon dioxide and surrounding rock, water and minerals.  It could also cause the 
carbon dioxide to leak.  However, careful site selection should reduce to an absolute 
minimum the chance of sequestering carbon dioxide near areas of seismic activity. 
 
6. Who Regulates Carbon Dioxide Sequestration?  Currently, sequestration projects 
must obtain environmental permits on a case-by-case situation.  However, the U.S. 
Environmental Protection Agency has regulations for gases injected by pipelines, and is 
reviewing those and other laws to see how best to ensure the safety of sequestration 
projects.  In addition, the National Environmental Policy Act (NEPA) requires the 
government to notify the public through hearings about projects that could have major 
environmental impacts. 

Effectively Managing Field-Testing Operations 
 
1. How Are You Going to Decide Where to Do Field-Testing?  
The decision to implement a carbon sequestration project will be based on several factors, 
including policy, commercial aspects, and local interests.  Sites that are chosen will be 
those that rank the highest for these considerations.  The program will provide ample 
opportunity for community involvement to ensure that a project is in the local interest.  In 
particular, there is a Federal NEPA process that provides the opportunity for community 
input into the design and implementation of the project.  Furthermore, the Carbon 
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Sequestration Regional Partnerships will solicit input and feedback on the use of carbon 
sequestration in order to improve the design of sequestration projects in their regions. 
 
2. Why Go to All this Trouble if Climate Change Isn’t Supposed to Happen for 100 
Years? 
As the old maxim goes, “An ounce of prevention is worth a pound of cure.”  Efforts to 
test and develop carbon dioxide sequestration are part of a proactive strategy that will 
enable citizens, policy makers, industrial participants, and others to understand the 
benefits and challenges of carbon sequestration in order to decide whether to use it as a 
significant option for mitigating greenhouse gas emissions in the future.  By beginning 
now, the program allows for the necessary research and development to see if carbon 
sequestration can be used to help meet the nation’s goal of reducing greenhouse gas 
intensity. 
 
Many scientists believe that the Earth’s climate is already changing as a result of 
increasing greenhouse gas emissions from human activities.  Thus far, this change has 
been gradual, and not always noticeable.  Nevertheless, a sensible strategy is to begin 
reducing greenhouse gas intensity now, rather than waiting to act until after a potential 
dramatic climate shift happens in the future.  Preventive action will limit future 
environmental damage, reduce the amount of money we will need to spend overall, and 
reduce the potential loss of human life that might accompany such a shift.   
 
3. What Alternatives Are Being Considered in Addition to Carbon Dioxide 
Sequestration? Why Should We Spend Our Scarce Resources on this Program?   
Ideally, it would be best if we did not create excess carbon dioxide in the first place. But 
right now our principal energy systems are based on fossil fuels, and burning fossil fuels 
generates carbon dioxide emissions.  That means when we drive a car, mow the grass, 
heat our homes, or use electricity (in most cases) we’re generating carbon dioxide.  U.S. 
policies, like the Global Climate Change Initiative, are aimed at determining what we can 
do now to reduce carbon dioxide through the use of renewable energy sources, energy 
conservation, and sequestration, while we develop improved energy systems that will 
emit less carbon dioxide than we do today.   
 
Since 1990 renewable sources have accounted for about 7% of our energy.  By 2020, we 
expect the use of renewables to grow but still account for about the same percentage of 
our overall energy picture.  Renewables are a key part of the broad strategy to limit 
carbon dioxide emissions while maintaining a strong economy.  We can’t change our 
energy systems overnight.  But, we can make the workhorse technologies, the ones that 
we depend on now, more efficient and less polluting when it comes to carbon dioxide 
emissions, and we can continue to expand the use of renewables. 
That said, our fossil fuel-based energy system has been in place for over a century and is 
supported by trillions of dollars of infrastructure investments.  As a result, this mature 
network delivers energy at a reasonable price.  Shifting to alternative sources of energy 
must be done gradually to maintain low prices for energy and to help maintain a strong 
economy.  If we start to reduce our emissions from existing sources of energy and at the 
same time start to increase investment in alternative energy, we can do so without a big 
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shock to the economy.  The scale of the climate change problem is huge, meaning that we 
will need both sequestration and aggressive development of renewable technologies to 
make a difference.  
 

B. Questions of Trust: 

SAFETY 
• How do we know that sequestration is safe?    The answer to this question 

depends on the method of sequestration considered.  Terrestrial sequestration is a 
passive form in which forests, vegetation, and soils absorb carbon dioxide through 
natural processes.   So, the key issue to be resolved for terrestrial sequestration is 
not safety, but how we can best measure the amount of carbon stored and how 
permanent the storage will be.  Ocean sequestration is in a very early stage of 
study, and concerns about safety are significant.  Therefore, current research is 
being targeted at improving our scientific knowledge to assess the feasibility and 
safety of this technology before larger projects are implemented.  In geologic 
sequestration, carbon dioxide would be stored in deep underground formations, 
such as depleted oil and gas reservoirs, unminable coal seams, and deep saline 
formations.  Many of these formations have stored carbon dioxide, other gases 
(e.g., methane), and fluids (e.g., petroleum) naturally for millions of years and 
have the potential to store hundreds of year’s worth of human-generated carbon 
dioxide emissions. 

• What do we know about the safety of geologic sequestration right now?  The 
safety of geologic sequestration has been under investigation for many years.  We 
already have a strong base of industry experience in enhanced oil recovery, where 
water, and then carbon dioxide, is pumped into depleted oil wells to re-pressurize 
the wells and increase oil production.  Recent research for geologic sequestration 
in a variety of formations is building on this experience.  Scientists know that 
storage sites need to be selected very carefully to ensure that they are located far 
away from drinking water supplies, that the cap rock is impermeable and leakage 
will not occur, and that the area is seismically stable.  Additionally, scientists are 
examining the extent to which carbon dioxide moves within the formations and 
the physical and chemical changes that occur.  Importantly, also, they are 
developing ways to improve monitoring equipment and techniques, so that we can 
be sure that the carbon dioxide is secure.  The Department of Energy’s research 
program includes a portfolio of research projects to investigate the feasibility of 
carbon sequestration – with a focus on safety.  The seven regional partnerships 
funded by the Department of Energy are important components of this broader 
program.   Phase I of the Regional Partnership effort, characterizing opportunities 
in the regions, is due to be completed in late 2005.  Phase II of the Regional 
Partnership effort, in which five small-scale pilot research and development 
projects are planned for field construction and operations, is scheduled to occur in 
the 2007 to 2012 time period. 
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Risk assessments will be made prior to making a decision to site a project in any 
location. This comprehensive risk assessment will evaluate the health, safety, and 
environmental risks for the entire sequestration process. Once risks are identified, 
decisions can be made in conjunction with the community on whether these risks 
can be safely and effectively managed. The process for assessing risks has been 
developed through research on other full-scale, commercial sequestration 
operations like the CO2 injection at the Weyburn Oil field in Canada and the CO2 
that is stripped from natural gas and injected into geologic strata under the floor of 
the North Sea as part of Statoil’s Sleipner operation. 

• What can you say now about the safety of geologic sequestration in 50 years?  
Carbon dioxide injection has proven to be one of the most efficient methods to 
enhance oil recovery from old oil wells since it was first attempted in 1972 in 
Scurry County, Texas. CO2 injection has been used successfully throughout the 
Permian Basin of West Texas and eastern New Mexico, as well as in Louisiana, 
Mississippi, Wyoming, Oklahoma, Colorado, Utah, Montana, Alaska, and 
Pennsylvania.  The U.S. is a world leader in this mode of enhanced oil recovery, 
and experience gained in using this technology serves as a useful base for 
expanding its use more broadly. Over the past 30 years, the industry safety record 
has been exemplary.  With advanced drilling techniques, reservoir engineering 
practices, and geophysical analytical techniques available today, this safety record 
should continue into the future.  
 
While there is sufficient experience in enhanced oil recovery operations, research 
is needed that evaluates storage in other formations and over longer time scales.  
The DOE has research projects at sites around the country that are both assessing 
the feasibility of storage in different types of geologic formations and testing new 
kinds of monitoring equipment.  It is critically important that scientists better 
understand specific issues related to the geology of potential sequestration sites to 
be sure that the sites are good candidates for sequestration and are not prone to 
undesirable effects such as seismic activity or leakage of CO2 or poor quality 
water into usable aquifers.  .  In addition, monitoring equipment can verify that 
the CO2 is staying in the formation where it has been injected.  In the unlikely 
event that a leak would occur, researchers have developed (and are continuing to 
develop) new technologies for mitigating those leaks before a problem occurs. 
This research in monitoring, mitigation, and verification will enforce and ensure 
the safety around carbon sequestration sites.  

• How can we be sure that injecting CO2 in the ground won’t release other 
toxins?  Several factors contribute to our confidence.  First of all, the CO2 will be 
injected into sites that have very low probabilities of leakage based on site 
characterization, field test results, and the community-based site-selection process 
conducted by DOE.  It is well known that CO2 makes water more acidic, which 
enables it to dissolve minerals more readily, including some containing heavy 
metals.  This type of geochemical environment also can promote the deposition of 
other minerals in the sequestration host formation.  Studies at the Weyburn 
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sequestration test site in Saskatchewan, Canada have shown that material 
dissolving in one place has deposited in other places within the storage site deep 
underground.  New sequestration sites will be selected based on their favorable 
hydrogeologic and geochemical characteristics for long-term isolation of the 
reservoir fluids within the storage site.  If there is migration of fluid out of the 
storage reservoir, the surrounding geologic formations should provide 
geochemical reactions and act as buffer zones to protect the shallower 
groundwater resources in the area.  The formations used for sequestration are very 
deep, and sites will be carefully located so as to be generally remote from dense 
population centers and geologically isolated from potable water aquifers.  
Therefore, the chances of adverse water quality impacts to the drinking water 
zones will be safely and effectively minimized. Can we say?   The potential for 
sure impacts will be part of the monitoring of leakage rates. 

• Just what is a geologic “seal?”  In the context of geologic sequestration with 
injection of CO2 into deep formations, the term “seal” or “caprock” is used as a 
general term for one or more layers of rocks that separate the CO2 sequestration 
reservoir from surrounding formations, especially from the freshwater zones 
nearer to the land surface.  These relatively impervious formations overlie the 
sequestration reservoirs and act to prevent movement of CO2 and other fluids 
beyond the injection zones or immediate buffer zones.  These layers have very 
low permeability; that is, their ability to transmit fluids and gases is extremely 
low.  For example, many sandstones are good storage reservoirs, because there is 
enough interconnected pore space between the sand grains that fluids, such as 
brine (or saltwater), flow easily through them.  On the other hand, most shales and 
claystones (made of smaller clay particles) have very little interconnected pore 
space and thus do not readily allow fluid movement, which makes them good 
sealing formations. 

• How can we be sure that a “small” geologic sequestration test is small enough 
not to be dangerous?   We ensure that such tests are not dangerous by observing 
strict rules of conduct.  The reservoir into which the CO2 is injected is first 
carefully mapped and evaluated using advanced reservoir engineering tools to 
understand the different rock layers.  The quantity of CO2 to be injected in the test 
is very small compared to the mapped total potential storage capacity.  
Furthermore, the monitoring systems incorporated into the tests are designed to 
provide indications of any unpredicted conditions that would result in significant 
leakage.  As part of the reservoir evaluation, small-scale injection tests will be 
conducted to verify that any subsequent full-scale injection that may be conducted 
in the future at that site would not likely trigger small earthquakes or leakage of 
fluids into shallower aquifers.  Tests will not be conducted in areas that are prone 
to earthquakes, or that have significantly fractured rock formations. 

• If a test is small enough to be safe, how will you know that the process will be 
safe in a bigger application?  Although our proposed tests of CO2 capture at 
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industrial facilities and storage in geologic formations may be small relative to 
both the storage site and future commercial systems, they will be large enough to 
validate the concepts, industrial equipment, and safety systems involved.  As an 
analogy, even a powered model airplane can demonstrate the principles of flight 
and steering used in a Boeing 747. Specifically, our tests will collect CO2 from an 
actual power plant, oil refinery, or ethanol plant and will employ the same type of 
compressors, pipelines, and wellhead equipment used commercially by oil and 
gas producers.  We will monitor stored CO2 with equipment similar to that used to 
monitor natural gas stored underground.  If a validation project involves CO2 
injection for enhanced oil recovery (EOR), the resulting crude oil will be 
recovered as from conventional EOR producing wells using natural CO2.  Success 
in this type of “real world” operating environment will provide the experience 
necessary to safely scale-up CO2 capture and storage technology to full-scale 
commercial  carbon sequestration systems. 

• If you are so familiar with the concepts involved, why do you need to test 
them?  Any new application of technology warrants testing to ensure that it 
satisfies expectations of performance, safety, and cost.  Even when established 
industrial processes are applied in new ways—such as the use of carbon dioxide 
in the beverage and chemical industry—tests are needed to ensure that the new 
process is compatible with existing equipment, to determine if any supporting 
infrastructure is needed, to develop startup and shutdown procedures, to provide 
personnel training, and to verify safety measures. 
 
Testing will provide similar assurances about the injection of CO2 underground 
for long-term storage, which is not practiced commercially today.  However, 
relevant experience is available to draw upon. For example, the oil industry buys 
CO2 obtained from natural underground formations and injects it into mature 
producing fields to boost output (waste CO2 captured from natural gas 
reprocessing plant vent stacks is also used for enhanced oil recovery).  The natural 
gas industry routinely injects salable gas into underground reservoirs for short-
term storage (weeks or months) or injects unsalable “acid gas” for long-term 
storage.  Our tests will help optimize procedures for filling geologic reservoirs 
with CO2 and for ongoing storage reservoir monitoring.  The tests will also 
provide insight into any chemical reactions between CO2 or associated trace gases 
and the reservoir structure. 

• Have there been any tests to show the effects of high CO2 exposure in animals 
and/or humans?   CO2 is a natural gas in Earth’s atmosphere that is essential for 
plant life and animal/human survival.  It is not a poison like carbon monoxide 
(CO ), and it poses no health risk at ambient levels (350 – 500 parts per million, 
or ppm) or modestly elevated concentrations.  Health organization guidelines for 
prolonged indoor exposure cite a maximum average CO2 concentration of 3,500 – 
6,700 ppm.  Like other heavier-than-air gases that can accumulate and displace 
oxygen in subgrade or enclosed areas, elevated concentrations of CO2 can cause 
asphyxiation.  The severity of human health effects depends on the actual CO2 
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concentration and length of exposure.  Exposure to concentrations of 30,000 ppm 
to 100,000 ppm may cause headaches, dizziness, and other reversible side effects.  
Unconsciousness, coma, or death can occur at concentrations above 100,000 ppm.  
There are safeguards in place for industries that handle CO2 to protect workers 
and residents who would likely come in contact with CO2, either in handling or 
during transport. 

LEAKS 

• How can you detect leaks from geologic sequestration sites?  Techniques from 
the oil and gas industry provide a good basis for developing leak detection 
systems for geologic CO2 sequestration sites.  Advances in three-dimensional 
geophysical surveying techniques and mathematical modeling of underground 
reservoirs are particularly helpful, as are commercial practices for CO2 injection 
to enhance oil recovery.  The overall experience of the oil and gas industry with 
hydrocarbon reservoir monitoring is very extensive.  Direct CO2 monitoring 
experience from relatively large CO2 storage demonstration projects in Canada 
and Norway also contribute to the knowledge base for CO2 storage monitoring 
and leak detection. 
 
In general, successful monitoring of CO2 storage sites for leaks will employ 
multiple approaches to leak detection.  These include: (1) direct monitoring of 
changes in the ambient gas pressure in the injection reservoir, and hydraulic head 
and water chemistry in shallower aquifers; (2) detection of subsurface migration 
via tracer gases or altered subsurface fluids in “control wells” at various depths 
and within the storage formation; (3) geophysical methods of identifying 
subsurface migration (e.g., tests using pressure transients, seismic waves, 
electromagnetic waves, or changes in electrical resistance); (4) indirect indicators 
of leakage, such as changes in soil composition or surface and subsurface (i.e., 
microbial) ecosystems; and (5) detection of surface leakage via remote sensing 
and potential addition of tracer gases. 

• What will you do when it leaks?  The geologic formations chosen for CO2 
sequestration will normally be more than 2,000 to 2,500 feet underground.  There 
is, of course, the remote possibility of an undetected fault or fracture system that 
could allow CO2 to migrate upward toward the surface.  Such CO2 movement is 
expected to happen slowly due to the normally low permeabilities across many 
geologic strata.  In those cases, the migrating CO2 may not reach the Earth’s 
surface; instead it might remain trapped or attenuated by chemical reaction with 
the rocks and pore fluids along the upward migration pathways. If slowly seeping 
CO2 were to reach the surface, it would usually be dissipated by the wind.  That is 
what normally happens to CO2 vented by nature in volcanically active areas.  CO2 
is not toxic, nor is it flammable or explosive.  But the potential for it to collect in 
unventilated subgrade structures or topographic depressions may be a concern if a 
sequestration site is located near a populated area. 
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If a CO2 storage site were to begin leaking in a way that posed an unacceptable 
risk of any type, the project operators would apply methods used to manage 
hydrocarbon migration in oil and gas reservoirs, or apply other applicable leak 
mitigation technologies. These technologies have been tested in the oil and gas 
industry and researchers are currently evaluating their applicability for 
sequestration and making any necessary modifications. 

• Can you assure me there will never be a leak from a geologic sequestration 
site?  No, there is no absolute assurance that CO2 sequestered in underground 
geologic formations won’t ever leak. However, reservoir engineering practices 
and the commercial experiences of the oil and gas industry indicate that any 
significant leaks over a period of months, years, or decades are unlikely and that 
any leaks that might occur would not pose a significant risk to people or the 
environment.  Commercial data are less applicable to questions about the potential 
for slow leaks over centuries to become a significant source of future atmospheric 
CO2 loading.  This is the subject of considerable ongoing research. 
 
Sequestration sites will be selected on the basis of their geologic stability and the 
presence of “caprock” or confining geologic strata that preclude upward migration 
of underlying gases and fluids.  For example, depleted natural gas reservoirs are 
good candidate CO2 storage sites.  These formations previously held natural gas—
which has molecules even smaller and lighter than CO2—in place for millions of 
years until it was extracted.   Reinjecting gases or fluids into these same geologic 
formations can reasonably be expected to result in similar confinement for 
comparable time periods. 

• How can we be sure that geologic seals will hold?  As with all things in nature, 
nothing is absolutely sure.  However, in the petroleum producing areas of the 
United States, oil and gas deposits, as well as naturally occurring carbon dioxide 
gas, have been trapped within subsurface geologic formations for millions of 
years.  With proper engineering design and monitoring, there is a very high 
probability that these same seals will also prevent the significant migration of 
carbon dioxide to overlying strata.  Careful project siting will ensure that no 
geologic formation with an unsafe or uncharacterized seal will be used for CO2 
sequestration.  The U.S. is also fortunate to have extensive experience with 
natural gas storage, in which gas is injected underground during the summer and 
then recovered to heat homes in the winter.  That geological and engineering 
experience can be applied to CO2 sequestration as well.  CO2 is a much safer, 
non-combustible gas when compared to methane, which is the main component of 
natural gas used for heating homes, cooking, and home water heating.  By 
understanding where natural gas geologic storage has been safe and successful, 
we can apply that knowledge to CO2 sequestration. 
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• Could CO2 from a nearby geologic sequestration site leak into my basement?  
If your house were close to a sequestration site, there would be a very remote 
chance of this happening.  However, we would not choose a carbon sequestration 
site under an urban area, because the operations (drilling operations, compressors, 
etc.) and facilities needed for the site would not be compatible with an urban 
environment. Our main line of defense against any leakage to the surface will be 
the use of subsurface leak detection at a depth much deeper than any basement 
and testing of these areas before large quantities of CO2 are injected. We will also 
look for areas where there is more than one sealing rock layer between the CO2 
storage reservoir and the surface as another way provide additional protection for 
the population and the environment. 

• How will you monitor for leaks from geologic sequestration sites?  We can use 
the same technology that has been used by the underground gas storage and 
petroleum industries for over 50 years.  Monitoring wells can be drilled into 
shallow permeable and porous strata overlying the caprock and the formation 
used for sequestration.  Changes in pressure and water composition in these 
monitoring wells would indicate leakage through the caprock seal bounding the 
sequestration layer.  .  And, we can also use tracers to enhance the discovery of 
leaks.  In this case, small volumes of non-toxic, non-radioactive perfluorocarbon 
compounds are added at the injection wellhead as the carbon dioxide is being 
pumped underground. These tracer compounds can be detected in monitoring 
wells at concentrations of parts per quadrillion, which makes this technique ultra 
sensitive to even minor leaks of carbon dioxide through the caprock seal. We can 
also monitor vegetation stress using remote sensing data; but the primary 
objective would be to detect any leakage well before it even approaches the 
surface. 

 

Questions of Liability: 

COST 

• What will be the cost to the consumer for geologic sequestration?  Costs for 
large-scale geologic sequestration projects would include the costs for (1) 
separation and capture of CO2 from the flue gas stream of power plants; (2) gas 
compression and pipelines to carry the CO2 to a sequestration site; (3) injection of 
the CO2 underground for storage; and (4) processes and equipment for 
monitoring, mitigation, and verification.  At the present time, separation and 
capture of CO2 account for most of the cost if implemented at existing power 
plants.  New technologies, such as coal gasification, when applied to new power 
plant construction, would have relatively lower incremental CO2 capture costs.  
The objective of the program is to develop technology that will support carbon 
sequestration and add no more than 10 percent to the cost of electricity for 
gasification-based processes by 2012.  
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• What effects might carbon sequestration have on fisheries?  There should be 
no effect of geologic sequestration on commercial fisheries, because a geologic 
sequestration site would not likely be selected beneath a large body of fresh water.  
Such sites would be much more costly to develop and operate than land-based 
geologic sequestration sites.  As with avoiding any leakage to the atmosphere on 
land, leak detection methods would also be installed in geologic formations below 
smaller bodies of fresh water that might represent locally or regionally important 
fisheries.  Because terrestrial sequestration would involve natural CO2 uptake by 
vegetation, it should have no adverse effects on fisheries.  Forestation and 
changes in agricultural practices to promote terrestrial sequestration may in fact 
enhance water resources and fisheries by reducing sediment runoff.  The potential 
effects of ocean sequestration on marine fisheries cannot be known until basic 
research is completed to answer fundamental questions about the effects on ocean 
chemistry and marine ecosystems. 

• What about PRESENT problems?  How does sequestration mitigate current 
negative impacts of coal burning, such as asthma in kids?  The Carbon 
Sequestration Program will not directly reduce the emission of other air 
pollutants, including particulates, which affect human health.  However, other 
technology has been developed to build new, near-zero emission coal burning 
power plants, such as coal gasification plants. Because these new plants do not 
burn coal in the conventional manner, emissions of other types, such as sulfur 
dioxide and nitrogen oxides, are greatly reduced compared to conventional 
pulverized coal-fired plants. Sequestration research can provide a cost-effective 
method to avoid greenhouse gas emissions from these new power plants, or from 
existing plants.  At the present we are focused on testing the concepts of 
sequestration and are not planning to use large quantities of actual coal plant flue 
gas or construct any new coal-fired power plants in the research and development 
process.   

• What about mercury, acid rain, and particulates that have local impact?   
The Program will not have a direct effect on these emissions.  A number of new, 
advanced power plant designs have the potential to prevent virtually all pollutants 
from reaching the atmosphere.  These plants would generate electricity, and the 
CO2 would be concentrated in a stream for capture and storage; heavy metals and 
fine particulates would be collected into solid or liquid streams and be subject to 
further processing.  However, these technologies are not yet commercially ready, 
and retrofitting existing plants to achieve zero emissions would not be cost 
effective.  While current environmental technologies have significantly reduced 
pollutants that cause acid rain, technologies that limit mercury and very fine 
particulates are still under development.  New, advanced power plant technologies 
offer the greatest promise of achieving electricity production with zero emissions. 

• Will the Program have a disproportionate effect on poor communities?  
Because the reduction of CO2 from power plant emissions to meet potential future 
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environmental regulations would increase the operating costs of the facilities, 
there would ultimately be an economic impact on consumers.  Any marginal 
increase in electricity bills may, unfortunately, affect the poorest consumers 
disproportionately, because utility bills usually represent a significant part of their 
fixed monthly expenses. On the other hand, sequestration research and 
development may lead to new technologies for power plants that will likely result 
in reduced emissions, which should give greatest benefit to lower income 
communities located closer to existing power plants. Geologic sequestration sites 
will likely be in rural areas, far from population centers; therefore, large low-
income populations would not be affected disproportionately by siting decisions.   

RESPONSIBILITY 
• What happens if there is a leak from a geologic sequestration site?   Most of 

the environmental concerns surrounding geologic CO2 storage involve migration 
and leakage of CO2 into overlying subsurface formations and eventually to the 
atmosphere.  In shallow subsurface zones, elevated levels of CO2 can cause pH 
changes, which could lead to groundwater contamination.  In the unsaturated 
zone, vegetation and other ecosystem components can be adversely affected.  At 
the land surface, significantly elevated levels of CO2 could lead to asphyxiation in 
humans and other animals.  Finally, leakage of CO2 to the atmosphere would 
defeat the objective of the Program by contributing to global climate change and 
potentially increasing the acidity of the ocean.  Question: If unacceptable leakage 
rates are verified what happens? 

• What are the chances that a leak will occur?  Give us specific estimates.  We 
do not yet have sufficient data to provide specific estimates with reasonable 
certainty.  The probability of CO2 leakage from a geologic storage site is complex 
and is a function of risk.  What do we mean by “risk?” 
 
Risk = f (probability and consequence of leakage over time)  
 
Or, in words: risk is the probability of a given event multiplied by the 
consequence of that event.  Currently, it is difficult to quantify with any 
confidence the likelihood of accidental releases of CO2 stored in geologic sites.  
The reason for this is the lack of detailed field trials and the difficulty assigning 
generic risks to what would be site-specific risks.  Further research, combined 
with detailed characterization of specific reservoirs, will eventually permit 
quantitative estimates of risk.  This quantitative assessment of risk will be a 
central element of DOE’s site-selection process for the planned small-scale field 
demonstrations of carbon sequestration technologies. 

• What will happen to sequestered CO2 in a seismic event?   Any impact of a 
seismic event on a geologic CO2 storage site would depend on the magnitude and 
location of the event.  It could cause stress and factures to the formation, which 
may impact the flow of the supercritical CO2 (or fluid) and its reaction to water, 
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rocks, and minerals.  A seismic event could also impact the pressure of the 
reservoir and cause CO2 leakage.  However, risk of leakage would be minimized 
through careful site selection in seismically stable formations. Human-induced 
seismic activity is always a concern when injecting large volumes of gas or fluid. 
This risk can be limited through proper site selection, operation, maintenance, and 
monitoring. 

• What is the regulatory environment for sequestration?  Currently, projects 
obtain environmental permits on a case-by-case basis in accordance with the 
applicable state and Federal regulations, as well as with DOE’s National 
Environmental Policy Act (NEPA) process. A more broadly applicable, science-
based regulatory framework for geologic CO2 storage will emerge when there is 
an incentive that makes capture and geologic storage economically feasible.  In 
the meantime, a number of studies have explored the regulatory needs of geologic 
storage and comparing those needs to existing regulations that will guide any 
future regulatory framework.  For instance, many elements of carbon storage have 
been included in energy industry operations since the early 1970s, particularly the 
use of CO2 injection for enhanced oil recovery (EOR) in depleted oil reservoirs.  
Industrial experience with EOR and with the disposal of CO2-rich acid gas 
streams, as well as related experience with natural gas storage and the 
underground disposal of other wastes, provides some basis for future regulation.   

• What could go wrong?  With regard to this Partnership Phase II effort, there is a 
limited opportunity for problems to occur.  As this is a limited quantity injection 
project with appropriate monitoring for leakage, any prospect of problems will be 
quickly contained and mitigated.  In fact, that is one of the principal reasons for 
the activity to occur, in that it will allow for testing and validation of monitoring 
technologies that will eventually be applied to full-scale projects.  

• Do you have the required permits?  At this point, we are working with the 
applicable regulatory agencies and follow the requisite steps necessary to secure 
the required permits.  We view this permitting process as essential to establishing 
a sound foundation for ensuring that all future sequestration projects are well-
formed and conducted.  

• How can you move forward with geologic sequestration testing in the absence 
of a regulatory context?  In fact, there is a regulatory context in place at present.  
Depending upon the focus of the geologic sequestration activity, in terms of 
whether it involves enhanced recovery of oil, gas, or coalbed methane, or simply 
long-term storage, particular regulations will apply.  Existing EPA and state 
regulations with regard to injection of CO2 into geologic formations will be 
applied to these activities as appropriate. 

• How is geologic sequestration different from the way we’ve dealt with 
radioactive/mining waste?  CO2 injection is not necessarily the elimination of a 
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waste, because CO2 has other uses and can be considered a commodity.  One such 
use is the injection of CO2 for enhanced recovery of oil, gas, or coalbed methane.  
In certain areas of the U.S., there is currently a commercial market for purchasing 
CO2 for EOR purposes, with the price of the commodity CO2 generally tied to the 
price of the produced crude oil.  Even in instances of long-term storage of CO2 
without enhanced oil or gas recovery, sequestration has much less risk because 
carbon dioxide does not have the toxic or carcinogenic properties of radioactive 
wastes, hazardous chemical wastes, or some mining wastes. 

Questions of Consent: 

LOCATIONAL 
• Why are you going to demonstrate a geologic sequestration project HERE? 

Proposed locations for demonstration projects and potential sustainable operations 
are being selected based upon assessments of the geologic formation structures, 
regulatory environments, constituent desires, and, perhaps most importantly, 
potential risk factors.  Leading candidate sites are those that rank the highest for 
these considerations. 

• Why do this where people live?  Are you using us as guinea pigs to test effects 
of CO2 on humans?  No; there will not be any testing for effects of CO2 on 
humans, as there is a limited risk of significant exposure to humans, both for this 
activity, as well as for future full-scale projects.  Instead, during planning for 
projects, preference is given to sites in areas that have limited human settlement.  
This is done not so much out of concern for risk factors, which are believed to be 
few in number, but more with the intent to place the activity in a location suitable 
for future full-scale projects. Thus, the planning process reduces the proximity to 
most human settlements.   

TEMPORAL 
• Why are carbon sequestration projects being performed NOW?  The Program 

is following a proactive strategy that will enable citizens, policy makers, 
industrial participants, and others to understand the benefits and challenges of 
carbon sequestration.  By beginning now, the Program allows for the necessary 
research and development to make carbon sequestration a viable option in a 
portfolio of strategies to meet the nation’s greenhouse gas intensity targets. 

• Why go to all this trouble if climate change isn’t supposed to happen for 100 
years?  Many scientists believe that the Earth’s climate is already changing as a 
result of increasing greenhouse gas emissions from human activities.  Thus far, 
this change has been gradual, and not always clearly recognized.  Nevertheless, a 
sensible strategy is to begin reducing greenhouse gas intensity now, rather than 
awaiting a future dramatic climate shift.  Preventive action will limit future 
environmental damage, necessary capital investment, and potential loss of human 
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life that might accompany such a shift.  As the old maxim says, “An ounce of 
prevention is worth a pound of cure.” 

ECONOMIC 
• What’s in it for me and my community?  With the potential advent of carbon 

trading and future market drivers for carbon sequestration, communities involved 
in sequestration projects stand to benefit both financially and commercially.  
Whether the sequestration effort stands alone, supports enhanced oil recovery, or 
reduces greenhouse gas emissions at a power plant, both the local economy and 
environment all benefit. 

• Why spend this money when we’re not even sure climate change is real?  
Whether Earth’s climate is changing is not an issue.  Earth’s climate has changed 
repeatedly over the history of the planet.  At issue is the extent that such changes 
are due to greenhouse gases generated by humans and how to mitigate the impact.  
We need to spend money now to evaluate technology and identify the best 
practices to sequester carbon, so that this is a viable future strategy. 

• Why should we spend our scarce resources on this Program?  Carbon 
sequestration holds great promise as one of several strategies to reduce 
greenhouse gas intensity.  Your involvement ensures that your needs and concerns 
will be voiced during the development and testing of this strategy.  Furthermore, 
the Program provides an opportunity for you to become familiar with the carbon 
sequestration option and to draw your own conclusions about its usefulness. 

• Will our group be consulted?  What is our role in the Program?  The decision 
to implement a carbon sequestration project will be based on several factors, 
including policy, commercial aspects, and local interests.  The Program will 
provide ample opportunity for community involvement to ensure that a project is 
in the local interest.  In particular, the Federal NEPA process will allow vetting of 
all of the aspects of a proposed project and will provide the opportunity for 
community input into the design and implementation of the project.  Furthermore, 
the Regional Partnerships will solicit input and feedback on the use of carbon 
sequestration as a strategy to mitigate greenhouse gas intensity in order to develop 
a basis for the design of sequestration projects in their regions. 

ALTERNATIVE ENERGY 
• To reduce greenhouse gases, wouldn’t it be better not to create CO2 in the 

first place?  Ideally, yes. But right now our principal energy systems are based on 
fossil fuels, and burning fossil fuels generates CO2 emissions.  That means when 
we drive a car, mow the grass, heat our homes, or use electricity (in most cases) 
we’re generating CO2.  U.S. policies, like the Global Climate Change Initiative, 
are aimed at determining what we can do now to reduce CO2 through the use of 
renewable energy sources, energy conservation, and sequestration, while we 
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assess and develop improved energy systems that will emit less CO2 than current 
energy systems in use today.   

• Shouldn’t we spend our limited dollars on exploring hydrogen, wind, and 
other non-CO2 energy sources?   Our fossil fuel-based energy system has taken 
many years and significant investments by the private sector and government to 
develop.  As a result, this mature network delivers energy at a reasonable price.  
We want to maintain a strong energy sector and a reasonable energy price, so that 
we can maintain a strong economy as we transition from a fossil fuel economy 
with significant CO2 emissions to an energy economy with limited CO2 
emissions.  We could “put all of our eggs in one basket” by focusing on a new 
potential technology and scrapping the existing infrastructure.  Alternatively, we 
can follow a strategy of cutting back on CO2 emissions from existing sources and 
developing non-CO2 producing technologies. The latter approach would include 
reducing the CO2 output of our existing facilities by using CO2 capture and 
storage technologies, investing in new technologies like hydrogen and wind, 
building high-efficiency fossil fuel facilities, and encouraging energy 
conservation. The climate change problem is big enough, meaning the necessary 
reductions in greenhouse gas concentrations are large enough, that we will need 
both sequestration and aggressive development of renewable technologies to 
make a difference. Independent analyses by NETL and Princeton University 
confirm this fact. 

• Why aren’t we using renewable energy?  Actually, we are. Since 1990 
renewable sources have accounted for about 7% of our energy.  By 2020, we 
expect the use of renewables to grow but still account for about the same 
percentage of our overall energy picture.  Renewables are a key part of the broad 
strategy to limit CO2 emissions while maintaining a strong economy.  We can’t 
change our energy systems overnight.  But, we can make the workhorse 
technologies, the ones that we depend on now, more efficient and less polluting 
when it comes to CO2 emissions, and we can continue to expand the use of 
renewables.   

• Won’t this Program just promote more fossil fuel use and release more CO2 
to the environment?  To answer this question, it’s important to consider the 
practical side of energy use. The U.S. economy depends on energy at a reasonable 
cost, and about 86% of our energy comes from fossil fuel.  The rest is provided by 
renewable and nuclear sources in about equal amounts.  It would be great if we 
could flip a switch and become a non-CO2 emitting society overnight.  But, that’s 
not possible, even if we made a tremendous investment.  We have a mature 
energy system based on fossil fuels; optimistic estimates indicate that converting 
to a renewable energy economy would take years to complete, and it would not 
work as well in many cases as it does with fossil fuels.  So, we will need to 
continue using current energy sources for some time. Therefore, we need ways to 
control CO2 emissions for the systems we’re using now, by capturing it from 
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existing power plant stacks and permanently sequestering it in geologic 
fromations.  That is the thrust of DOE’s Carbon Sequestration Program and the 
Regional Partnerships.   By attacking the problem from several fronts—energy 
conservation and expanded use of renewable energy, as well as CO2 emission 
control, including CO2 sequestration on existing and new systems—we have the 
best chance at changing our habits while maintaining a strong economy.  This 
gives us the opportunity to start making a difference soon, while we work to 
develop new energy systems that emit less CO2.   

• Is this [sequestration test??] just a foot in the door?  What happens next if 
the test “works?”  The goal of the test is to demonstrate that CO2 flooding, a 
technology that has been used safely in the oil producing areas for over 30 years, 
can be used safely for CO2 sequestration in oil country or in other areas where 
geologic conditions are right.  In CO2 flooding, the oil industry pumps CO2 into 
an oil formation to help push the oil to a spot where it can be pumped out of the 
ground.  For sequestration we look for the same type of area —one that has the 
right conditions underground to house oil or natural gas or in this case CO2 
without leaking.  When we find such an area, we install the same types of wells 
and systems as used in the oil fields to get the CO2 into the ground.  We also use 
the same type of systems—actually even more advanced and sensitive systems—
to keep an eye on the CO2 and make sure it stays put.  So if the test works—it 
means that this area is suitable and the systems are suitable to safely put CO2 in 
the ground for storage for 1000s of years.  If we’re able to demonstrate that the 
system works—that it contains the CO2, doesn’t harm the environment and is safe 
for the community—that would mean the area would be a candidate for a full 
scale sequestration operation.  At that point the sequestration project facility will 
undergo a public process, including an Environmental Impact Statement as 
mandated by the National Environmental Policy Act.  The community will be 
involved in that process and I recommend you continue to stay informed and 
involved.   
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Environmental Toxicity of carbon dioxide (CO2) 
 
The states of the Southeast Regional Carbon Sequestration Partnership, Alabama, Arkansas, 
Florida, Georgia, Louisiana, Mississippi, North Carolina, South Carolina, Tennessee, and 
Virginia and the gulf coast of Texas, encompass many types of open and undeveloped land and 
developed single and multi-use land. For the purposes of examining the effects of CO2 on the 
environment, a non-exhaustive list designates land as original ecoregions and current-day 
agricultural, industrial, mining, ranching, recreational, and urban areas.  

An ecoregion is a relatively large unit of land “containing a distinct assemblage of natural 
communities and species, with boundaries that approximate the original extent of natural 
communities prior to major land-use”1. Fifteen terrestrial ecoregions within the area covered by 
the states of the southeast regional partnership have been described by the National Geographic 
Society2 and the World Wildlife Fund3, as shown in Table 1. Within patches of the original 
ecoregions, endemic species are found, which are a major focus for conservation of threatened 
and endangered species. 

An ecosystem is “a community of plants, animals, and microorganisms that are linked by energy 
and nutrient flows and that interact with each other and with the physical environment. Rain 
forests, deserts, coral reefs, grasslands, and a rotting log are all examples of ecosystems”4. Thus, 
an ecosystem can be a large unit or a small unit and can include or exclude humans. 

In general terms, an ecosystem may consist of algae, bacteria, fungi, viruses, plants, and animals 
(invertebrates [e.g., arthropods including insects, helminths, mollusks, protozoa,] and 
vertebrates). Each type of organism comprises a separate population, which exists in a larger 
community5. Changes in one ecosystem can, in turn, affect other ecosystems, and so on. 

Each ecoregion has species that are endemic to that area. That is, certain species occur naturally 
only in that one area or region. The southern states are home to hundreds of endangered endemic 
species. Most are endangered because of loss of natural habitat. Additional pressure exists in the 
form of air, water, and soil pollution from numerous sources. The inadvertent release of 
captured, transported, or stored carbon dioxide (CO2) is one potential source of chemical 
pollution. CO2 and other toxic chemicals, or pollutants, exert effects on the ecosystem according 
to the scheme shown in Figure 1. 

Figure 1. Progression of Pollutant-Induced Changes Influencing an Ecosystem 

                                                 
1 Olson et al., Bioscience 51:993-938, 2001. An ecoregion is a geographically distinct area of land that is 
characterized by a distinctive climate, ecological features, and plant and animal communities. 
2 The National Geographic Society (http://www.nationalgeographic.com/wildworld/terrestrial.html). 
3 The relationship of World Wildlife Fund delineation of ecoregion to those of others is described by the World 

Wildlife Fund at http://worldwildlife.org/science/ecoregions/nearctic.cfm. 
4 World Wildlife Fund (http://worldwildlife.org). 
5 A community is a characteristic group of plants and animals living and interacting with one another in a specific 

region under similar environmental conditions (World Wildlife Fund, 2001, 
http://www.nationalgeographic.com/wildworld). 
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CO2 can enter an ecosystem via the air, water, or soil. Most living organisms can be adversely 
affected by exposure to high concentrations of CO2. The time to effect is species dependent. CO2 
causes toxicity by both direct and indirect actions. It exerts direct effects at the cellular level and 
indirect effects via cellular acidification and/or displacement of oxygen (O2). Each organism has 
its own characteristic response to CO2 that is dependent on the concentration of CO2, route and 
duration of exposure, life stage at exposure, environmental conditions (e.g., oxygen 
concentration, temperature, humidity), and other factors. Additionally, effects of CO2 on one 
type of organism may affect an entire ecosystem by disruption of the normal interdependence 
among organisms within an ecosystem. 

The relatively low-dose, non-toxic effects of CO2 are most apparent in mammals where 
increased ventilation (due primarily to an increased depth of breathing) can be observed. 
Mammals can be severely injured or killed by exposure to CO2 for minutes to hours at or above 
8% in air, while insects and plants exhibit no lasting, if any, effects. Food-producing animals of 
significance for these states are beef cattle, milk cows, laying and broiler chickens, and hogs and 
pigs. Honeybees are also an important domesticated insect. Little information was found that is 
relevant to the toxicity of CO2 in these species.  

Plants benefit from elevated CO2 levels up to about a 2% concentration in air. The primary 
agricultural crops grown in many of these states are corn, cotton, peanuts, wheat, sorghum, 
soybeans, and tobacco6. Rice is also an important crop in several states. Although leaves of 
plants produce O2 from CO2 during photosynthesis, an increase in the soil content of CO2 can be 
deleterious because roots need to absorb O2 and nutrients directly. The gas content of the soil 
normally contains 1% CO2 or less. The large areas of tree kill at Mammoth Mountain are an 
example of high soil CO2 concentrations (~20 to 95%), which deny O2 to tree roots and interfere 
with nutrient uptake. There are no identified reports of exposure of any significant exposure of 
the above crops to CO2 at concentrations above 2000 ppm. 

CO2 also affects water-breathing animals, such as fish. The transport of gases from the water to 
the blood is generally difficult because most gases have low water solubility and water has a high 
density. CO2 is the exception because it is very soluble in water. At 25°C, CO2 is 25-times more 
soluble in water than O2. Its high water solubility minimizes the O2 partial pressure (PO2) in 
                                                 
6 USDA, National Agricultural Statistics Service. 2002 Census of Agriculture – State Data. Volume 1, Geographic 
Area Series, Part 51. USDA, Washington, D.C. (http://www. usda.gov/nass/) 
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water. Thus, if equal volumes of CO2 and O2 are exchanged in a fixed volume of water, the PO2 
would decrease markedly but the PCO2 would only slightly increase. Many natural water habitats 
have little dissolved CO2, and others have higher concentrations of CO2 to which native fish are 
adapted. The blood of water breathers has very little CO2 compared to air breathers. High 
concentrations in the water would impede CO2 excretion.  

Table 2 presents examples of the effects of CO2 over a wide range of concentrations in several 
types of organisms. In general, sensitivity increases from unicellular organisms, such as bacteria, 
which are relatively resistant, to mammals, which can be very sensitive to the effects of CO2. 
There is very little literature on the response of wild animals to the effects of elevated 
concentrations of CO2. 

Some fossorial rodents (burrowing and hibernating rodents, such as, woodchuck, ground 
squirrel, pocket gopher) are more resistant than other mammals to the effects of elevated 
concentrations of CO2. These animals in the wild spend much of their time in burrows in a 
relatively hypercapnic environment. Burrow levels of CO2 have been reported to reach between 
3 and 9.5%, depending on the species and the depth of the burrow. These animals have increases 
in ventilation in response to CO2 that are much lower than that seen with surface-dwelling 
mammals. As an example, two genera of burrowing rodents acutely were able to compensate for 
exposure to CO2 concentrations up to approximately 15% by increased ventilation. At about 
10%, however, escape and other behaviors suggest that the animals experience some degree of 
discomfort. At 15% and above, animals become less responsive, and significant decreases in 
ventilation occurr at about 17%. 15% appears to be the maximum level to which these animals 
can be exposed for any significant time without toxicity.  

Evaluation of environmental risk from CO2 is inherently dependent on the specific composition 
and characteristics of an ecosystem. Risk in the vicinity of a specific agricultural crop (a 
relatively uniform area with a limited number species) would be much easier to assess than risk 
in a forest area. 

Vast regions of the original ecosystems in the Southeastern Partnership States have been 
converted, and conservation of the little remaining original ecosystem, including many 
endangered plant and animal species, would be of great importance.  

Extrapolation from the known effects of CO2 on domesticated and laboratory animal species 
suggests that protection of the human, which is apparently the most sensitive animal species, 
should offer protection to all other species from exposure to elevated CO2 concentrations. 
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Table 1.  Terrestrial Ecoregions within the Area of the Southeast Regional Partnership 

Ecoregion Name  
& Map Designation7 

Biome Total 
mi28 

Boundary of Ecoregion within 
Southern States Partnership States9 

% of Ecoregion Converted10 

South Florida Rocklands 
NT0164 

Tropical & subtropical moist 
broadleaf forests 

800 Southern Florida 98% to agriculture & urban 
development 

Florida sand pine scrub 
NA0513 

Temperate coniferous forests 1,500 Southeastern coast Florida 85-90% to citrus groves, & urban 
development 

Everglades 
NT0904 

Flooded grasslands & savannas 7,800 Southern tip of Florida ~70% to sugar cane, truck crops, & 
urban development 

Southeastern conifer  
NA0529 

Temperate coniferous forests 91,400 Florida panhandle; southeastern 
Louisiana, southern Mississippi & 
Alabama, central & southern Georgia 

>50% to agriculture, pine 
plantations, & urban development 

Southeastern mixed forests 
NA0413 

Temperate broadleaf & mixed 
forests 

134,300 Western Virginia, central North 
Carolina, eastern South Carolina, central 
Georgia, Alabama, Mississippi & small 
area in Louisiana 

99% to agriculture & other 

Middle Atlantic coastal forests 
NA0517 

Temperate coniferous forests 51,600 Southeastern Virginia, eastern North & 
South Carolina to just south of 
Georgia/So. Carolina border 

~88% to agriculture, pine 
plantations, urbanization, & coastal 
development (including resorts) 

Appalachian-Blue Ridge forests 
NA403 

Temperate broadleaf & mixed 
forests 

~61,50
0

Northeastern Alabama & Georgia, 
eastern Tennessee, western North 
Carolina & Virginia  

~83% to agriculture, urban & 
recreational development, logging, 
& coal & mineral mining 

Appalachian mixed mesophytic  
NA0402 

Temperate broadleaf & mixed 
forests 

74,200 AL, northeast to southwest Mississippi, 
E central Tennessee 

>95% to agriculture, coal, copper, 
ore  mining, logging, & other 

Central US hardwood forests 
NA0404 

Temperate broadleaf & mixed 
forests 

114,300 Western Tennessee, north central 
Mississippi 

99% to agriculture, grazing, urban 
development, & tree plantations,  

Mississippi lowland forests  
NA0409 

Temperate broadleaf & mixed 
forests 

43,400 Flood plain of the Mississippi river 
including Louisiana, Mississippi, 
Arkansas, Tennessee 

91-95% to agriculture & levee 
construction 

Ozark Mountain forests  
NA0412 

Temperate broadleaf & mixed 
forests 

23,900 Western and central Arkansas 97% to logging & recreational 
development 

Piney Woods forests 
NA0523 

Temperate coniferous forests 54,400 Eastern Texas, northwestern Louisiana, 
southwestern Arkansas 

97% to urban development, logging, 
& pine plantation 

Western Gulf coastal grasslands  
NA0701 

Tropical/subtropical grasslands, 
savannas, & shrublands 

30,000 Gulf coast wetland of Louisiana & 
Texas 

To agriculture, grazing, urbanization 
around areas such as Houston 

                                                 
7 Map designations on websites of the World Wildlife Fund (http://worldwildlife.org/science/ecoregions/nearctic.cfm) and the National Geographic Society 

(http://www.nationalgeographic.com/wildworld/terrestrial.html). 
8 The total area of the ecoregion may not lie within the boundary of the Southern States Partnership. 
9 Only the Texas Gulf Coast and other ecoregions that extend into Partnership States beyond Texas are included. 
10 The original reason for conversion may no longer be operational, although the land has been converted from its original ecosystem. The list is non-exhaustive. 
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Table 2.  Effects of CO2 on Various Types of Organisms 

  Effects of CO2 
Organism Type Medium Maximum Beneficial  

or Non-Toxic 
Immobilized or Toxic Lethal 

     
Bacterial spore air 1% CO2: increased spore 

germination 
  

Mold spore liquid  1% CO2: increased heat 
sensitivity 

 

Mold spore liquid  4-5% CO2 in air above liquid: 
decreased respiration and sugar 
uptake 

 

Fungi, soil surface or aerial dweller air  10% CO2: significant growth 
inhibition (40-80%) 

 

Fungi, deeper soil dweller air  10% CO2: minimal growth 
inhibition 
>50% CO2: 50% inhibition of 
growth 

 

Amoeba (soil), cyst water 0.8-2.0% CO2 in air above liquid: 
increased excystment 

  

Amoeba (soil), cyst on agar 0.33-2.0% CO2 in air above agar: 
increased excystment 

  

Micro algae, Euglena air 4% CO2 above water: maximum 
growth rate 

  

Crustacea, freshwater water  25% CO2 bubbled through water: 
slightly less active after several hr 

 

Crustacea, freshwater water  100% CO2 bubbled through 
water: immobilized 1-2 min 

100% CO2 bubbled through 
water: ~ 5 hr 

Leech water  20-40% ”soda water”: 
immobilized 

100% ”soda water” 

Insect larvae air  50% CO2: cardiac arrest and 
immobilization 

 

Insect larvae water  100% CO2 above water: 
decreased movement and 
exsheathment 

 

Insect larvae water 25% CO2 bubbled through water: 
not immobilized >9 days 

100% CO2 bubbled through 
water: immobilized in 1-2 min; 
acidified blood; not lethal >9 
days 
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Table 2. Effects of CO2 on Various Types of Organisms (continued) 

  Effects of CO2 
Organism Type Medium Maximum Beneficial  

or Non-Toxic 
Immobilized or Toxic Lethal 

     
Insect larvae water  100% CO2 bubbled through 

water: immobilized in 1-2 min 
100% CO2: ~5 days 

Mosquito air ~10% CO2 intermittently: no 
effect 

  

Flies, whitefly, thrips air <11% CO2: no significant 
mortality 

 15-16% CO2: 50% mortaility 
(LD50) 

Flies, face air  ≥35% CO2 with 20% O2: “knock 
down” 

 

Flies, face air  20-30% CO2 with 1-2% O2: 
“knock down” 

 

Flies, screwworm air  60% CO2: anesthetized, no 
toxicity for 30 min 

100% CO2: anesthetized, 5-15 
min results in toxicity at 1 week 

Cockroach, adult air  ~100% CO2: convulsions & 
paralysis; no lethality at 60 min 

 

Cockroach, instar air  70% CO2: immobilized; after 
recovery increased instars to 
maturity,  growth retardation 

 

Trees soil 1-2% CO2 chronically  20-95% CO2 
Salmon water  5-9 mmHg PCO2 chronically: 

nephrocalcinosis 
 

Trout water  7-13 mmHg PCO2 chronically: 
nephrocalcinosis 

 

Chicken air 2.25% CO2: increased ventilation   
Kangaroo rat air ~12-15% CO2: increased 

ventilation 
>15-20% CO2: decreased 
ventilation & movement 

 

Pocket mouse air ~12-15% CO2: increased 
ventilation 

>15-20% CO2: decreased 
ventilation & movement 

 

Mouse, laboratory air   32.5% CO2 with 20% O2: 87 min 
Mouse, laboratory air   40% CO2 with 20% O2: 63 min 
Mouse, laboratory air   40% CO2 with 4.5% O2: 1.8 min 
Cat air   100% CO2: collapse in 138 sec, 

stage III anesthesia in 203 s 
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Survey of MMV Technologies for Carbon Sequestration  
 
Previous efforts in this area have centered on assessing the current state of MM&V technologies.  
The goal was to analyze existing programs and data and attempt to establish whether additional efforts/resources 
were needed to improve MM&V and permit reduction in associated sequestration costs. The analysis has indicated 
that a considerable number of measurements rely on sampling followed by laboratory quantification. Furthermore, 
the work indicated that the most appropriate measurements will focus on relieving the interference of standard CO2 
on isotopic compositions. The isotopic composition of CO2 will depend on the originating source. 
 
Related efforts that have been on-going in these laboratories for the past 3 years include the development of cavity 
ringdown spectroscopy (CRDS). The technique has been applied to the determination of isotopic constituents of 
spent nuclear waste, the determination of acetone in breath (a precursor/indicator of diabetes) and the quantification 
of water in gas feeds employed in the semi-conductor industry. The method is molecular specific, requires no 
external calibration, and can achieve detection limits on the order of parts per trillion. As discussed below the 
technology has all of the qualities needed for application to carbon sequestration; moreover, recent work indicates 
that through novel optical configurations, local measurements of pressure and temperature are possible. This invites 
the direct application of CRDS to quantification of pressure and temperature gradients within a reservoir. Such 
information is expected to be extremely valuable in evaluating the behavior of CO2 sequestered in close proximity to 
a fault or seam. 
 
 
 
 
1.  Development of a Real-Time Portable CO2 Monitor  

The objective of this effort is to explore a new technology to develop a real-time portable CO2 monitor, which will 
detect CO2 leakage, monitor the long-term stability of CO2 storage, and provide rapid response to help mitigation of 
damage to the ecosystem in the unlikely event that a leak should occur.  The new protocol will also be capable of 
being deployed in an aircraft to conduct geological surveys of atmospheric CO2 at the regional and global levels as 
well as tracking CO2 migration in the atmosphere.  With the capability to measure multiple species, the new protocol 
can also be used for monitoring other green house gas (GHG) emissions.  
  
The CO2 monitor is based on an ultra-sensitive and highly selective spectroscopic technique known as cavity 
ringdown spectroscopy (CRDS),i which is capable of measuring small-scale variations in CO2 concentrations over 
the high concentrations of CO2 in the atmosphere.  Based on the spectral calculations using HITRAN 96, a single 
temperature controlled semiconductor diode laser operating around 1650 nm was selected to cover some of the 
spectral fingerprints of CH4, CO2, and H2O in the near-IR spectral regionii.  Ringdown spectra of atmospheric CH4, 
CO2, and H2O were obtained with inexpensive ringdown mirrors under vacuum free conditions.  A near IR laser 
diode was selected as the light source, which provided narrow linewidth, tunable, single mode laser output at ~ 1650 
nm.  Figure 1 shows the laboratory-level CRDS-based spectrometer. 
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  (a) Front view     (b) Rear view 

 
Fig. 1 A Standalone Unit for Atmospheric CH4, CO2, and H2O 

 
The absorption spectrum of atmospheric CO2, CH4, and H2O, measured with this CRDS-based spectrometer, is 
shown in Figure 2.  The atmospheric concentrations of CH4, CO2, and H2O in a laboratory at Diagnostic 
Instrumentation and Analysis Laboratory (DIAL) were determined to be 1.8, 350, and 11000 ppm, respectively, 
from the recorded spectra.  Results were compared with those from the theoretical simulations.  The measured 
atmospheric concentrations of these molecules are in good agreement with the documented values in the literature, 
except for H2O whose concentrations varied daily during the one-month measuring period (13000, 12500, and 
11000 ppm on April 21st, 25th, and 29th, respectively).  With these relatively inexpensive mirrors and a cavity length 
of 60 cm, the detection limits of methane and CO2 at this wavelength are ~ 7 ppb and 50 ppb, respectively.  The 
measurement accuracy is ~ 5%.  This work demonstrates that an inexpensive ringdown analyzer utilizing a single 
near-IR semiconductor diode laser can be developed for simultaneously monitoring atmospheric CH4, CO2, and 
H2O.  It should be noted that this laser diode was originally selected to demonstrate measurement of atmospheric 
methane.  If another diode laser with wavelength output at ~ 1572 nm is selected, the detection sensitivity of CO2 
can be expected to improve by several orders of magnitude.  
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Fig. 2 Ringdown measurements of atmospheric CH4, CO2, and H2O using a NIR laser diode at ~ 1650 nm. 
 
This work demonstrates that emission monitors for GHGs can be developed using the CRDS technique.  Potential 
applications include leak detection of CO2, long-term stability monitoring of CO2 storage, and rapid response to CO2 
leakage for mitigation means.  The research can be furthered to determine isotopic ratios of carbon in CH4 and CO2 
in the atmosphere to track the migration of greenhouse gases or to monitor gas emissions in methane-and carbon 
dioxide-related sites.   
 
 
2.  Development of Fiber Pressure Sensors 
 
Implementation of effective controls in oceanic and geological carbon sequestrations will require monitoring the 
condition of the injection well, such as well-head pressures and formation pressures.  A rugged, deployable, and 
cost-effective pressure sensor is needed.  In addition, if the sensor has the ability to measure down-hole, then 
additional validation of reservoir models and of the ability to verify that injected CO2 is not subject to lateral or 
vertical migration can be demonstrated. 
 
During the past twenty years, fiber optical pressure sensor technology has progressed rapidly--outperforming 
conventional pressure sensors with their high sensitivity, fast response, low cost, light weight, as well as immunity 
to electromagnetic interference.  Currently, the most popular fiber pressure sensors are mainly based on fiber Fabry-
Perot interferences (FFPI) or fiber Bragg gratings (FBGs).  We have developed a technique for fiber pressure sensor 
development using conceptually new approach -- fiber loop ring-downiii, iv. 
 
This method is modeled after the ringdown concept; however, a conceptually new approach, which eliminates the 
dependence on an ultra-high reflectivity cavity, is used.  This new fiber ringdown technique utilizes an optical 
resonator--an optical fiber loop--as the ringdown “cavity”.  Light radiation is coupled into the fiber loop; and when 
the light source is rapidly shutoff, the resultant light rings inside the fiber loop for many round trips.  In each round 
trip, a small fraction of light leaks into a photodetector through a fiber coupler; and the rest of the light rings in the 
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fiber experiencing internal fiber transmission losses.  The signal intensity observed by the detector follows an 
exponential decay.  The lower are the losses of the light in the fiber, the longer is the decay time constant (ringdown 
time). This type of fiber ringdown technique, functionally, resembles the standard high reflectivity CRD for 
absorbance measurements, but without the requirements of high reflectivity components. 
 
The fiber ringdown device consists of two identical 2×1 fiber couplers, two sections of fused silica single mode fiber 
(Corning SMF 28), a temperature controlled diode laser at 1650 nm (the use of the diode laser wavelength is not 
particularly selected, just based on availability of the laser diode in the laboratory), and a photodetector.  The quoted 
tap ratio in the 2-leg end of the fiber couplers is 1: 99.  The two 1-leg ends and the two 99 % legs of the two 
couplers are spliced together, respectively, to form a fiber loop.  The light from the single mode fiber of the pig-
tailed laser diode is coupled into the fiber loop through the 1 % leg with FC/APC fiber connectors; and the 1 % leg 
of the second coupler is coupled to the photodetector.  The total length of the loop is 61 meters.  The quoted 
insertion loss of each coupler is less than 0.2 dB.  The absorption loss rate of the fiber is 0.3 dB/km at 1550 nm and 
slightly higher at 1650 nm.  

 
A typical fiber ringdown pressure sensor unit 
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Fig. 3 Fiber ringdown pressure/force sensor demonstrates a rapid response and very good repeatability. The applied 
force is 237 grams, corresponding to ~ 338 psi.  
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Figure 3 shows the ringdown response to a 237 grams force loaded and unloaded on the pressure sensor.  One 
section the fiber loop lies on the clean surface of the stainless optical table with the fiber jacket removed from this 
area.  A separate piece of fiber, which is independent of the fiber loop but with the same fiber material, is similarly 
prepared with the fiber jacket removed and placed parallel to the section fiber loop on the optical table.  A light 
aluminum plate (~ 1 gram) of a rectangular shape sits on the top of these two sections of fibers to form a Π shape-
platform.  The contacted area is the fiber cladding layer; and the contacted length of each section of the fiber to the 
rectangular aluminum plate is 8 mm.  In this way, the real force applied to the sensor is approximately half of the 
forces loaded on the Π shape-platform.  Therefore, when 474 grams force, comprised of six identical aluminum 
plates, circular in shape and each weighing 79 grams, is loaded on the Π shape-platform, the 237 grams force is 
applied to the sensor. Since the diameter of the fiber cladding layer is 125 µm, the 237 grams force approximately 
corresponds to 338 psi pressure, determined using the equation P=F/S.  Each of data points in Figure 3 comes from 
an average of 100 ringdown events.  The curve shows that the fiber ringdown pressure sensor not only has a rapid 
response to pressure but also shows very good repeatability. 
 
Figure 4 shows a typical testing curve obtained for measured ringdown times vs. applied forces.  The applied forces 
are in the range of 0 - 418 grams, which approximately corresponds to pressures in the range of 0 - 595 psi, also 
based on the equation P=F/S.  The measured ringdown times decrease from 3.94 µs at 0 psi to 2.38 µs at 595 psi.  A 
linear fit of the measured ringdown time vs. force shows a good linearity. 
 

2.0

2.5

3.0

3.5

4.0

4.5

15:21:36 15:31:41 15:41:46 15:51:50 16:01:55 16:12:00

Exp. time (H:M:S)

R
in

gd
ow

n 
tim

e 
( µ

s)

 
Fig. 4 Ringdown time responses to forces applied on the sensor. Each distinctive step corresponds to a different 
applied force; from the left to the right, the applied forces are 0, 40, 79, 158, 198, 237, 281, 339, 378, 418, and 0 
grams. 
  
Another issue to be addressed is the relation of detection sensitivity vs. the length of the fiber in contact with the 
applied force.  It is found that for a given fiber ringdown device, the longer the fiber section that is used as the 
sensor “head”, the more sensitive is the sensor.  In our experiments, the absolute value of the slope increases from 
0.0037 to 0.0072 when the fiber length in the sensor head increases from 8 mm to 16 mm.  Similarly, the slope 
decreases from 0.0037 to 0.0031 when the length decreases from 8 mm to 6 mm.  The variation of the slope is 
approximately proportional to the variation of the fiber length used in the sensor head.  This result indicates that 
sensors could be designed and fabricated with selected areas to yield design-specified detection sensitivities.  
  
Another experiment was conducted to examine the dynamic measuring range of the sensor.  It is found that when the 
force was applied to the fiber with the plastic fiber jacket intact the detection sensitivity decreased.  However, the 
fiber jacket served as a buffer and greatly increases the upper limit of the measuring range.  With the same fiber-
pressure interaction length, 8 mm, the measurable force was up to 750 grams, or, 1068 psi.  The force damage 
threshold was not tested in order to protect the sensor.  This test suggests that if the specifically designed sensor 
head is adopted, e.g., using a protection layer or a buffer layer outside the fiber, FRP sensors will be suitable for 
pressure sensing in high measuring ranges.  
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Summary 
 
This work demonstrates the technical feasibility of developing a new generation of fiber ringdown pressure sensors, 
which will be popular tools for borehole pressure sensing in the oceanic and geological carbon sequestration 
programs.  
 
Discussions with Susan Hovorka and Alan Brown of the University of Texas, Bureau of Economic Geology have 
indicated high interest in the potential application of CRDS for 1) measuring isotopic CO2 ratios at locations deemed 
most likely for leakage (well heads and observation wells) and 2) for direct determination of pressures within the 
reservoir proper. At this time additional work is under consideration for future development of the technology. 
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Abstract 

 

CO2 transport is the necessary link between CO2 capture and storage. DOE has 

developed roadmaps for CO2 capture and storage, but a roadmap of CO2 transport 

is not yet available. This report presents our efforts to develop an MM&V 

roadmap and action plan for CO2 transport. Specific recommendations are given 

for aspects related to pipelines and tank distribution with primary emphasis on 

pipelines owing to the projected importance in future sequestration operations. A 

number of measurements have been defined and necessary technology gaps are 

summarized. 

 

 

I. Introduction 

 

 The overarching goal of US Department of Energy (DOE) carbon sequestration program 

is an 18% reduction in green house gas (GHG) emissions by 2012. 1, 2, 3, 4 The DOE carbon 

sequestration program continues to make progress towards this goal and significant 

achievements can be organized into three sections: core R & D, infrastructure development, and 

program management. The 2005 Carbon Sequestration Technology Roadmap and Program Plan 

provides clear identification of research pathways leading to commercially viable sequestration 

systems and sets forth a plan of action for sequestration research.5  In the area of the core R & D, 

sequestration research efforts are primarily focused on capture, storage, and transport. As 

discussed below DOE has established technology roadmap and program plans for capture and 
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 2

storage; however, a technology roadmap and action plan for CO2 transport, an area critical to the 

overall success of carbon sequestration, has not been formally developed. This work focuses on 

the start of Measurement, Mitigation, and Verification (MM&V) roadmap and action plan for 

CO2 transport and presents our efforts to help DOE’s development of the overall roadmap. 

Additionally, updated progress on our efforts to the development of tools for MM&V in the areas 

of injection-well pressure and temperature monitoring, early detection pipeline leakage, and  gas 

characterization is reported. 

 

II. Current MM&V Status 

 Prior to 2004, MM&V was defined as “Measurement, Monitoring, and Verification”. In 

2004, the definition was modified to be “measurement, mitigation, and verification”. 6  Very 

recently, MMV has been revised to “Monitoring, Mitigation, and Verification. Monitoring and 

verification are defined as the capability to measure and quantify the amount of CO2 stored at a 

specific sequestration site, monitor the site for leaks or other deterioration of storage integrity 

over time, and thereby verify that the CO2 is contained in a way that is permanent and poses no 

harm to the host ecosystem. Mitigation is the ability and efforts necessary to respond to CO2 

leakage or ecological damage in the unlikely event that a leak should occur. The revised 

definition is specific to geologic and terrestrial sequestration as it is realized that oceanic 

sequestration is still in an early stage of development. Verification relates to the confidence in 

the measurements and the usefulness in carbon accounting systems. 

 MM&V activities, Table 1, for geological sequestration include four major components: 

Modeling, Plume Tracking, Leak Detection, and Mitigation. In the terrestrial sequestration, the 

MM&V technologies include three primary components: Modeling, Plant Matter Measurement, 

and Soil Carbon Measurement.  

In each sequestration category (geologic and terrestrial) and in each technology 

development area, clear pathways are identified and key technologies and issues as well as 

significant research achievements are identified. Compared with the previous (2004) MM&V 

roadmap, this upgraded MM&V roadmap streamlines and focuses the development areas.  

It should be realized, however, that research efforts on carbon sequestration are 

vigorously on going and new technology challenges are continuously emerging. Recent site 

testing has identified additional needs which necessitate the development of new technologies, 

DE-FC26-03NT41980

SECARB Deliverables Appendix Document
Volume I

Page 251 of 548



 3

tools, and a redirection of research efforts.7 This process provides the necessary drivers for the 

next generation MM&V roadmap. 

Table 1 (2005) MM&V Roadmap 8 

 
 

III. DOE Roadmaps for Capture and Storage 

 

 CO2 generated from fossil fuel-fired energy systems is typically either too dilute, at too 

low of a pressure, or too contaminated with impurities, to be directly stored or converted to a 

stable, carbon-based product. The purpose of CO2 capture research is to produce a CO2-rich 

stream that can be directly distributed. The research effort can be categorized into three pathways, 

Table 2, postcombustion, pre-combustion, and oxyfuels. Post combustion refers to capturing CO2 

from a flue gas after convention combustion (fuel + air).  Pre-combustion refers to a process 

where a hydrocarbon fuel is gasified to form a mixture of hydrogen and carbon dioxide with CO2 

capture from the synthesis gas prior to further processing. Oxyfuel is an approach where 

combustion occurs in pure or nearly pure oxygen. This results in exhaust streams with high 
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concentrations of CO2 which are more easily processed than stream resulting from conventional 

combustion.  

Table 2 CO2 capture roadmap 

 
Each of the three categories has its own merits and challenging issues. Post-combustion 

capture applies to over 98% of current fossil fuel utilization assets, but it represents a significant 

technology challenge in that the CO2 in flue gas is dilute (3-15% by volume), at low-pressure 

(15-25 psi), and often contaminated with oxides of nitrogen and sulfur along with ash and sub-

micron particulate matter. A pre-combustion synthesis gas contains CO2 in higher concentration 

(30-50% by volume), higher pressure (200-500 psi), and with less contaminants, but there are 

few gasification-based power systems currently in operation. Oxyfuel combustion requires 

roughly three times more oxygen per net kWh of power generation compared to gasification, and 

its efficiency is further compromised by the large amounts of flue gas that must be recycled to 

the combustion chamber for temperature control. However, oxyfuel does have a key advantage 

in that it can offer near 100% CO2 capture. CO2 capture methods are centered on CO2 removal, 

CO2 separation, and oxygen combustion. There are twenty-three ongoing research projects 

focusing on capture. 

 Carbon storage (Table-3) is defined as the placement of CO2 into a repository in such a 

way that it will remain sequestered. The CO2 storage includes three distinctive areas: geologic 

sequestration, terrestrial sequestration, and oceanic sequestration. The storage of CO2 in a 
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geologic formation (geologic sequestration) is the injection of CO2 into an underground 

formation that has the capability to contain it securely.  

 

Table 3 CO2 Storage Roadmap  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

There are three categories of formations, each with different challenges and opportunities for 

CO2 storage. (i) Oil and gas reservoirs. an oil or gas reservoir is a formation of porous rock that 

has held crude oil or natural gas (both of which are buoyant underground like CO2) over geologic 

timeframes. It thus has a demonstrated seal, and is fundamentally an ideal setting for CO2 storage. 

The attractiveness of oil and gas reservoirs is often enhanced by the fact that injected CO2 can 

enable the production of oil and gas resources left behind by primary recovery and water flood. 

A challenge is that earlier wells were not sealed with today’s high standards when they were 

abandoned, and most abandoned wells, old and recent, are plugged with Portland cement which 

is susceptible to corrosion from saline water with dissolved CO2. (ii) Deep coal seams. CO2 

injected into a coal bed becomes adsorbed onto the coal’s surfaces and is sequestered. Most coals 

contain adsorbed methane, and this methane can be recovered from coals that are too deep or too 
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thin to mine economically. Coals preferentially adsorb CO2 and, like enhanced oil recovery, CO2 

can be injected into a non-mineable coal formation to enable recovery of residual methane not 

produced by depressurizing. A challenge is that coals increase in volume when they adsorb CO2, 

and coal swelling reduces permeability. (iii) Deep saline aquifers. A saline formation is of porous 

rock that is overlain by one or more impermeable rock formations and thus has the potential to 

trap injected CO2. It is similar to an oil or gas formation with the exception that it has not 

actually held oil or gas over geologic time frames. Saline formations do not offer the possibility 

for enhanced oil or gas production, but they have the advantage that they have not been 

penetrated by as many wells as oil and gas reservoirs.  

 

 Terrestrial sequestration is the enhancement of CO2 uptake by plants that grow on land 

and in freshwater, and carbon storage in soils. Tree-plantings, no-till farming, forest preservation 

and other early activities provide an opportunity for low-cost CO2 emissions offsets. More 

advanced research includes the development of fast-growing trees and grasses and deciphering 

the genomes of carbon-storing soil microbes. One area of focus for the DOE’s core sequestration 

R&D Program is in developing field practices for increasing carbon uptake in mined lands. 

Comparatively, storage of CO2 through terrestrial sequestration is not as effective as the geologic 

sequestration. Additional efforts are on-going in biomineralization.  

 

IV. Roadmap and Action Plan for CO2 Transport 

 

 As overviewed in Section III, the current DOE technology roadmap does not include 

direct consideration of CO2 transport. The ability to effectively route CO2 from the initial 

collection point to the selected sink is a key activity in ultimately integrating the entire carbon 

sequestration enterprise. Many technical issues and social-economic issues related to CO2 

transport need to be addressed. Based on currently available reports, literature, and database, 

CO2 transport can be divided into two categories: pipeline and water carrier or rail transport. A 

preliminary roadmap frame is given in Fig.1. Details for each branch shown in Fig. 1 will be 

presented in sections below. 
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Fig. 1 Development of frame of MM&V roadmap and action plan for CO2 transport. 
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 Three major issues in the development of the MM&V and action plan for CO2 transport 

include an identification of the necessary infrastructure for CO2 transport, evaluation of specific 

transport-related technology issues, and evaluation of transport economics. Each of these 

components has to be addressed based on both long and short-term considerations and from 

specific geographical requirements and needs. 

 

 Pipeline transport: Pipelines have been used for CO2 transport since the 1980’s in US 

EOR industries. Pipeline transport of CO2 has now been widely accepted and being applied to 

many operators when a large quantity of CO2 is needed to be transported. Table 4 list currently 

existing (as of 2002) long-distance CO2 pipeline constructed for EOR industries in the world.  

Approximately 96% of the total pipeline (by km) is located in the US. Table 5 tabulates current 

regional U.S. CO2 source and pipeline.   

 

Table 4 Currently existing long-distance CO2 pipeline for EOR projects in the word 

 

Pipeline Location Operator CO2Capacity 

[Mt/year] 

Length 

[km] 

Year Origin of CO2 

Cortez 

 

USA Kinder 

Morgan 

19.3 808 1984 McElmo Dome 

 

Sheep 
Mountain 

 

USA BP Amoco 9.5 660 - Sheep 
Mountain 

Bravo 
 

USA BP Amoco 7.3 350 1984 Bravo Dome 

Val Verde 
 

USA Petrosource 2.5 130 1998 Val Verde 
Gas Plants 

Bati 
Raman 

 

Turkey Turkish 
Petroleum 

1.1 90 1983 Dodan Field 

Weyburn 
 

USA & 
Canada 

North 
Dakota 

Gasification
Co. 

5 328 2000 Gasification 
Plant 
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Table 5 Current distribution map of  US CO2 Source and Pipeline  

Region CO2 

amount 

(Gross 

Bbls/d) 

Source Pipelines 

(miles) (± 

5%) 

Field 

number 

Operator 

Rockies 19,520 Natural/manufactu

ring 

360 7 Exxon/Chevron/M

erit 

Permian 

Basin 

155,000 Natural 2,400 42 Multiple operators 

(16) 

Mid-

continent 

9,800 Manufacturing 390 4 Exxon/Anadarko/C

haparral 

Eastern Gulf 

coast 

12,000 Natural 180 3 Denbury 

 

CO2 exists as a supercritical/dense phase fluid in pipelines, which occurs when the 

pressure exceeds 74 bars (1070 psi) at 31 oC. The pipeline pressure of CO2 can be as high as 200 

bars (or 2900 psi) with the fluid at ambient temperature. Due to the high miscibility pressure, 

typically higher than 1204 psi, in the EOR industries, the delivery pressure at injection sites are 

typically above 1450 psi. To maintain CO2 under this condition, typical operation conditions for 

pressure and temperature are in the ranges of 1450 - 2176 psi and 15 - 31 oC, respectively.9  

Figure 2 shows the phase diagram of CO2. 10, 11 

 

Given fluid conditions, capability of CO2 transport in a pipeline can be estimated. Figure 

3 illustrates an example of the estimation of transport capability vs. pipeline diameter under the 

onshore and offshore conditions (Skovholt, 1993)12. 
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Fig. 2 CO2 Phase diagram  
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Fig. 3 Estimated transport capacity vs. pipeline diameters. Key conditions: dense phase; 

Distance=250 km; Ambient temperature onshore = 12 °C; Ambient temperature offshore = 6 °C; 
Maximum temperature after compression = 30 °C; Maximum pressure onshore = 1595 psi; 
Maximum pressure offshore = 4351 psi; Minimum pressure = 1305 psi; 
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Pipeline transport requires a large initial investment for construction, and depending on design 

may be suitable for large transport volumes, thereby compensating the initial investment. A 

major factor that highly influences the initial construction costs is the geographical distinction.  

For instance, construction of pipeline in hilly terrain is estimated to cost 50 % more than in grass 

land. 13 , 14  Additionally, construction of offshore pipelines costs more than that of onshore 

pipelines, due to higher installation costs. Another factor influencing the construction costs is the 

need for booster stations for the pressure drop in the pipeline. Typical pressure drop for a 500 

mm inner diameter pipeline is 4 psi per kilometer, a value that decreases with increasing 

diameter (Fox, 2002). According to Skovholt (1993), booster stations onshore would therefore be 

needed every 100 to 250 km depending on pipeline diameter. Approximate 750 kW (Fox, 2002) 

power is required for a typical booster station. This fact suggests that a large diameter pipeline is 

more cost effective. A rule of thumb according to True (2000) is $1.5 million per mile for all 

pipeline sizes up to 36”, depending on geological distribution of pipeline. The variation in laying 

costs could be as high as 50%. Costs for the onshore pipeline transport are in the range of $1- 5 

per ton per 1000 km and $1- 7 per ton per 1000 km for offshore transport, depending on diameter 

of the pipeline (from 16’’ - 64’’). Large diameter of pipeline have lower transportation costs.15, 16  

The largest company currently operating CO2 pipelines is Kinder Morgan. Recent corporate 

information indicates that the company aims to invest approximately $160 million in a new CO2 

pipeline and additional infrastructure in support of expanding CO2 flooding program at the 

SACROC Unit in the Permian Basin. In the southeast region, Denbury Resources operates an 

existing pipeline from the Jackson dome, a natural CO2 source, to fields in western Mississippi, 

and is building a second pipeline from the source to fields in the eastern part of the State.17 

The major technical concerns regarding pipeline transport of CO2 include high pressure 

tolerance of pipeline materials, leakage mitigation, and long-term monitoring of structural 

integrity. Pipeline material and engineering considerations include:  

• Pipeline pressure 

• Pipeline temperature 

• Gas mixture composition 

• Pipeline corrosion 

• Pipeline operation control 

• Pipeline pressure variation 
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• Dehydration of CO2 

• Routine topography 

• Dispersion pattern 

• Valve material 

• Compressor, seal, and auxiliary material 

• Emergency risk assessment 

 Pipeline risk mitigation is an important issue in CO2 transport. Although pipeline 

transmission is a mature technology and has been used for CO2 transport for more two decades, 

risk mitigation means has to be established in order to minimize adverse impact on human being 

and ecosystem in case of pipeline leakage resulting from likely operation failure, human activity 

interruption, and  natural catastrophe. Special considerations should be given to pipeline block-

valve spacing philosophy, pipeline material specification, and emergency pressure relief 

handling plan, quality of compressor and other major equipment, early detection of leakage, 

routine pipeline health status survey, internal corrosion control, regular safety review, and 

emergency response planning. Aerial pipeline surveys are typical ways to check pipeline. 

Thermal imaging is a mature technology to serve this task.18  However, Thermal imaging cannot 

be used for early detection of a pipeline breach. Additionally, pipeline pressure and pressure 

drops should be monitored. When pipeline pressure drops to a particular threshold in which two 

phases of CO2 coexist; consequently pressure surges could induce dangerous incidents, such as 

leakage and explosion. Lessons can be learned from statistics of pipeline incidents documented 

by US Office of Pipeline Safety, Department of Transportation.19 

 

 Ship/railway/truck tank transport: In tanks, CO2 is in semi-pressurized liquid phase. 

The pressure is approximately 7 bars (or 101 psi). The temperature is -30 - -50 oC. The liquid 

phase has a high density of CO2, however, due to the requirement of high tank pressure, tanks 

size or capacity is limited, e.g., ~ 1000 – 1500 tones. Tank transport through ships or railway is 

suitable for small volumes. Actual transport of the gas is less demanding with respect to material 

concerns such as corrosion. Tanker truck or rail transport therefore has a lower initial investment 

and somewhat greater flexibility; however, the rising cost of fuel and the associated need to 

sequester high volumes of CO2 will limit the eventual practicality of tank transport to short 

distances. A primary concern for tanker transport of CO2 is the low temperatures required.  
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V. MM&V for CO2 Transport 

 

 Major issues in CO2 transport include the economic feasibility, pipeline health status 

monitoring, leak mitigation, end (input and output) gas characterization, and identification of 

CO2 users, etc. Due to the high pressure and gas pollutants in the pipeline, which likely results in 

corrosion of pipeline metal loss, the physical status of a pipeline needs to be monitored and 

inspected regularly. Different sources (conventional, gasification, or oxy-fuel) will results in 

different gas/supercritical fluid compositions. H2S could be as high as 100 part-per-million 

(ppm). It is also expected that CH4, H2O and other chemical components (ppm loadings of NOx 

and SOx) will be present. In the event of a leak, rapid characterization, including the quantitation 

of inherent chemical constituents will be needed to mitigate potential harmful effect on 

ecosystem. This ultimately impacts the CO2 transport economic efficiency.  For tank transport, 

constantly monitoring tank temperature during transport is critical to the safe operation. Finally, 

on-site, low cost, rapid gas characterization is needed in the input end, e.g., capture sites, and in 

the output end, e.g., sinks and end users. CO2 purity, gas pollutants, and concentrations are 

needed. All in all, these CO2 transport-related issues can be categorized into two major aspects: 

social-economic issues and technology issue. To address these issues, a MM&V roadmap and 

action plan is needed.  

 

Table 5 identifies the targeted issues and the needed MM&V technologies. Compared 

with the 2—4 and 2005 versions of the capture and storage roadmaps, the status of a roadmap 

and action plan for CO2 transport is just beginning.  
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Table 5  Identified areas and MM&V technologies expected for CO2 transport. 
Identified 

area 

Specified Current status Action plan Goal 

Social-

economic 

issues  

Cost, investment, 

geographic 

locations, 

nationwide 

distributions, 

Information in 

Table 4 & 5 

Further 

quantification of the 

information, 

Costs, profit, 

ecosystem impact, 

safety issue, 

operators  

Roadmap completion 

in 2006, 

Integration into 

overall CS roadmap 

Needed 

MM&V 

technologies 

Pipeline corrosion 

monitoring, 

Pipeline pressure 

monitoring, 

Portable, standoff, 

on-site, real-time 

gas sensing, 

Gas 

characterization, 

Mitigation means, 

Sensors for H2S, 

CH4, and others,  

High pressure and 

low temperature 

sensors 

Currently, only 

one remote 

standoff CH4 

sensor (Physical 

Sciences Inc.),20 

A portable CRDS 

spectrometer is 

being developed 

at MSU for 

NETL,21 

High pressure and 

low temperature 

fiber sensors are 

being developed 

at MSU, plan to 

be test with BEG  

Need of 

development of 

portable, standoff, 

real-time, on-site 

gas sensors for 

pipeline related 

characterization, 

 

Need of further 

development of 

pipeline inspection 

sensors, 

Associated QA/QC 

and integration with 

existing/future 

accounting models 

 

Specify development 

efforts to individual 

entities in 2006, 

 

Narrow down the  

Technology barriers 

in 2006 

 

Roadmap of 

development goals 

Early detection of 

leakage is not 

available 

Tools  development 

for long-term 

monitoring, rapid 

identification, 

characterization, 

and quantification   

Specify tools 

development in 2006, 

Roadmap for 

mitigation means 

Leakage 

mitigation  

Rapid, on-site, real-

time, portable tools 

Thermal imaging  available 
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 As opposed to geological sequestration activities which require proof that carbon dioxide 

is maintained in a particular aquifer or reservoir location, the overriding goal of MM&V for 

transportation is focused on direct leakage detection and the assessment of pipeline structural 

integrity. As discussed earlier,22 the ability to distinguish source CO2 from local atmospheric 

CO2 is a prerequisite for establishing the presence of a leak when monitoring geological sites. 

This implies that isotopic discrimination will be required. With transportation issues, the isotopic 

requirement can be relaxed owing to the large amount of CO2 that is expected to escape from a 

given leak. Detection of trace H2S or CH4 using sensitive spectroscopy-based tools can serve for 

early detection of leakage and these tools need to be developed.  Thermal imaging is a mature 

technology for remote pipeline health status routine survey.  CO2 fluid rates and pressure drops 

should be monitored and no technology is currently available for this task although efforts are in 

progress at DIAL to address these issues.23-26  

 

VI. Action Plan for CO2 Transport 

Status of the overall MM&V roadmap is provided in Table 6, while development of the 

MM&V roadmap and action plan is given in Figure 7. 

   Table 6  Overall MM&V roadmap status 
Category Status Breakthrough 

areas 

 Note 

MM&V 

roadmap for 

transport 

N/A Identification of  

critical issues and 

technology barriers 

  

MM&V 

roadmap for 

capture 

Available   2005 version 

MM&V 

roadmap for 

storage 

Available   2005 version 

MM&V 

roadmap 

Available   2004 version and 

updated 2005 

version 
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Table 7  Development of MM&V roadmap and action plan for CO2 transport 
Identified issues Status and 

Goal 

Availability of 

MM&V for 

transport  

Not 

available 

   2006 

roadmap & 

action plan, 

integrated into 

an overall 

MM&V 

roadmap 

Construction 

costs: $/mile 

Operation 

costs: $/mile 

$ 1.5 

million/mile 

(when diameter 

is larger than 

36’’) 

$ 1- 

7/tone/1000 

km, depending 

on pipeline 

diameter 

 

CO2 source Detailed 

distribution 

graph 

Identified four 

regions 

Pipeline source Detailed 

distribution 

graph 

Roughly 

estimated total 

miles of 

pipeline 

To be 

included into 

2006 

roadmap 

Economic 

feasibility 

Pipeline 

engineering 

Pipeline 

materials, 

geometries, 

Gas flow 

physics  

 Partially in 

SEEB report 

Corrosion 

monitoring 

 

Fiber force 

sensors, 

Thermal 

imaging  

Being 

developed23, 

24, 25 

Pipeline 

transport 

Technology 

(MM&V ) 

barriers 

Pipeline 

monitoring and 

inspections 

Pipeline Fiber pressure Being 
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pressure 

sensing 

 

sensors developed26 

CO2 plume 

thermodynamic 

behavior 

 

 N/A 

 

Leak detection Sensitive, 

portable, real-

time standoff 

spectrometer 

spectral tracer 

for early 

detection of 

leakage,  

Thermal 

imaging for 

aerial pipeline 

remote survey 

Spectrometer 

is being 

developed, 

Thermal 

imaging is a 

mature 

technology for 

aerial pipeline 

survey 

Input end gas 

characterization 

GC-MS, FT-

IR, portable 

gas 

spectrometers 

Further 

development 

Output end gas 

characterization 

GC-MS, FT-

IR, portable 

gas 

spectrometers 

Further 

development 

Leak detectors 

for CO2, CH4, 

H2S, etc. 

CH4 detector, 

DIAL is 

developing 

portable 

ringdown 

spectrometer 

Further 

development 

 

Gas 

characterization 

Gas component 

analysis 

For CO2 end 

users 

Further 

development 

 

Leak 

mitigation 

Early 

identification of 

Leak detectors N/A NA 
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leakage 

Prediction of 

corrosion rate 

Development of 

internal 

corrosion 

control program 

  

Warning 

release, 

emergency 

response 

handling 

N/A N/A 

Gas 

quantification 

H2S, CH4 

concentrations 

Being 

developed 

 

Leak mitigation 

Impact on 

ecosystem 

Environmental 

standards 

 

Tank 

transport (by 

ships/railway/ 

trucks) 

Economic 

feasibility 

Low initial 

investment, 

Long-distance, 

Suitable for 

small volume 

Low 

temperature 

concern 

 

   

 

Conclusions 

 

CO2 transport is a key link between CO2 capture and storage and not only plays an 

important rule in the whole carbon sequestration program, but also directly links the economic 

impact of the carbon sequestration program. Several key issues have to be addressed including, 

pipeline investment, social-economic feasibility, long-term environmental impact, technology 

barriers, and operation mechanism. So far, no MM&V roadmap and action plan has been 

developed for CO2 transport while roadmaps for CO2 capture and storage have been developed 

and annually updated. In order to achieve overall success in the DOE carbon sequestration 

program, efforts to CO2 transport have be emphasized so that each branch of the carbon 

sequestration program can be healthily integrated for a long-term advancement. This report 

DE-FC26-03NT41980

SECARB Deliverables Appendix Document
Volume I

Page 267 of 548



 19

presents information gathered from a variety of literature sources. (1) The identified issues and 

suggestions and comments generated in this report can be summarized as:  Accurate database for 

the currently existing CO2 pipeline, the pipeline to be built, and their geographic distribution map 

are not available, (2) Optimized engineering design of pipeline in term of pipeline materials and 

diameters for onshore and offshore transport of CO2 need to be developed, (3) The mature 

thermal imaging technology is good for pipeline survey but inadequate for early detection of 

leakage; sensitive spectral-based gas tracers/spectrometers are needed for early detection of 

leakage by measuring trace gas components and/or isotopes, (4) Tools for pipeline pressure 

and/or pressure drop monitoring are needed; optical sensors are being developed, (5) Leakage 

emergency response planning needs to be established, (6) Portable, real-time, accurate gas 

analyzer/spectrometer are needed for gas characterization and cavity ringdown techniques are 

being applied to address this challenge, (7) Detailed cost analysis for pipeline construction and 

operation for various of geological locations are needed, and (8) All in all, pipeline economics 

and early leak detection and mitigation are top priorities.  

 

It is hoped that the work described here will aid DOE in developing a roadmap and action 

plan for CO2 transport.  The progresses on the MM&V technology development at DIAL will 

help DOE further identify and narrow down MM&V efforts for site testing and demonstration 

towards ultimate implementation in the integrating CO2 capture, transport, and storage activities. 
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DISCLAIMER 
 
This report was prepared as an account of work sponsored by an agency of the United 
States Government.  Neither the United States Government nor any agency thereof, nor 
any of their employees, makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would 
not infringe privately owned rights.  Reference herein to any specific commercial 
product, process, or service by trade name, trademark, manufacturer, or otherwise does 
not necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof.  The views and opinions of the 
authors expressed herein do not necessarily state or reflect those of the United States 
Government or any agency thereof. 
 
 

DE-FC26-03NT41980

SECARB Deliverables Appendix Document
Volume I

Page 272 of 548



 3

ABSTRACT 
 

United States (U.S.) President George W. Bush has developed the President’s 
Global Climate Change Initiative to assist United States businesses and public entities in 
meeting the need to decrease carbon dioxide (CO2) and other greenhouse gas (GHG) 
emissions in a voluntary manner.  The Global Climate Change Initiative has a goal of 18 
percent reduction in GHG intensity, which involves the relationship of GHGs to the gross 
domestic product, by 2012.  To assist with President Bush’s initiative, Federal 
government departments and agencies are utilizing various technologies and 
approaches, including, in the case of the U.S. Department of Energy, a program led by 
the National Energy Technology Laboratory focused on multi-state, regionally-based 
partnerships, known formally as Regional Carbon Sequestration Partnerships (RCSPs), 
to advance and demonstrate carbon sequestration technology options to assist to the 
Nation’s ability to meet the Global Climate Change Initiative. 

 
The Southeast Regional Carbon Sequestration Partnership (SECARB), which is 

one of seven RCSPs funded for Phase I activities, is the Southern States Energy Board 
(SSEB)-led framework to address opportunities for carbon sequestration technology 
deployment in the Southeastern U.S. The Partnership represents eleven southeastern 
states, including Alabama, Arkansas, Florida, Georgia, Louisiana, Mississippi, North 
Carolina, South Carolina, Tennessee, Texas, and Virginia.  Partners include state 
government agencies, research universities, energy companies, private consultancies, 
and nonprofit entities with presences and interests within the SECARB and SSEB 
regions.   

 
As part of its mission, SECARB has a goal to develop public involvement and 

education mechanisms and plans to raise public awareness of sequestration 
opportunities in the region and provide interested stakeholders with information about 
technology deployment efforts.  Through the efforts of the SECARB team, SECARB has 
worked to advance this goal and the overall mission during the first year of the RCSP 
initiative.  As a result of the unique structure of the SSEB, which is the nation’s only 
regionally-focused, Federal-state energy compact, that engages state government 
entities and private businesses in sustainable dialogues on emerging energy and 
environmental technology issues, SECARB is well-positioned to obtain input from a 
broad cross-section of stakeholders and develop public involvement and education 
mechanisms and associated multi-year action plans to assist in the wide-scale 
deployment of carbon sequestration technologies and approaches. 

 
 This report documents the efforts of the SECARB outreach team during the initial 
year of the Phase I SECARB activities.  Areas of the report focus on: Baseline Research 
and Training Activities; Early Stage Meetings and Briefings; the SECARB Integrated 
Outreach Strategy; and, Stakeholder Needs Analysis: In-Depth Survey Research 
Activities.  The year one efforts, which meet the requirements of SECARB Subtask 3.2, 
will provide a basis for final completion of Phase I outreach activities in year two.  In year 
two of SECARB Phase I, SECARB will complete the activities of its integrated outreach 
strategy, which served as an initial action plan for the Phase I effort, including the in-
depth survey research activities focused on determination of stakeholder education and 
outreach needs, as well as the establishment of outreach goals, determination of 
outreach strategies, and initiation of outreach activities and on-going evaluation.  The 
result will be the development of an Action Plan for Public Involvement, Education, and 
Acceptance called for in Subtask 6.5 of the SECARB proposal. 
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EXECUTIVE SUMMARY 
 

To assist United States (U.S.) President George W. Bush with his President’s 
Global Climate Change Initiative, which seeks to reduce U.S. greenhouse gas emissions 
on a voluntary basis, Federal government departments and agencies are utilizing 
various technologies and approaches, including, in the case of the U.S. Department of 
Energy, a program led by the National Energy Technology Laboratory focused on multi-
state, regionally-based partnerships, known formally as Regional Carbon Sequestration 
Partnerships (RCSPs), to advance and demonstrate carbon sequestration technology 
options to assist to the Nation’s ability to meet the Global Climate Change Initiative. 

 
The Southeast Regional Carbon Sequestration Partnership (SECARB), which is 

one of seven RCSPs funded for Phase I activities, is the Southern States Energy Board 
(SSEB)-led framework to address opportunities for carbon sequestration technology 
deployment in the Southeastern U.S. The Partnership represents eleven southeastern 
states, including Alabama, Arkansas, Florida, Georgia, Louisiana, Mississippi, North 
Carolina, South Carolina, Tennessee, Texas, and Virginia.  Partners include state 
government agencies, research universities, energy companies, private consultancies, 
and nonprofit entities with presences and interests within the SECARB and SSEB 
regions.   

 
As part of its mission, SECARB has a goal to develop public involvement and 

education mechanisms and plans to raise public awareness of sequestration 
opportunities in the region and provide interested stakeholders with information about 
technology development efforts.  Through the efforts of the SECARB team, SECARB 
has worked to advance this goal and the overall mission during the first year of the 
RCSP initiative.  As a result of the unique structure of the SSEB, which is the nation’s 
only regionally-focused, Federal-state energy compact, which engages state 
government entities and private businesses in sustainable dialogues on emerging 
energy and environmental technology issues, SECARB is well-positioned to obtain input 
from a broad cross-section of stakeholders and develop public involvement and 
education mechanisms and associated multi-year action plans to assist in the wide-scale 
deployment of carbon sequestration technologies and approaches. 

 
To meet the public outreach and education goals of SECARB, year one efforts 

sought to conduct a preliminary assessment of public perception regarding the SECARB 
effort and develop a follow-on plan focused on undertaking in-depth research that would 
serve to assist in the development of the formal action plans for public outreach and 
education required for successful completion of the Phase I activities. 

 
 This report documents the efforts of the SECARB outreach team during the initial 
year of the Phase I SECARB activities.  Areas of the report focus on: Baseline Research 
and Training Activities; Early Stage Meetings and Briefings; the SECARB Integrated 
Outreach Strategy; and, Stakeholder Needs Analysis: In-Depth Survey Research 
Activities.  These activities were performed to meet the requirements of SECARB 
Subtask 3.2, which focused on performing a preliminary assessment of public 
perceptions of carbon sequestration and developing a strategy and plan for advancing 
the development of a formal action plan for outreach under SECARB Subtask 6.5. 
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I. INTRODUCTION 
 

With projections indicating that the use of fossil energy for power generation will 
double by 2030 with a corresponding increase in global emissions of carbon dioxide 
(CO2) from human activities of up to 60 percent by as early as 2020, there is a 
heightened focus within the international community to structure and develop solutions 
to assist in carbon management.  United States (U.S.) President George W. Bush has 
developed the President’s Global Climate Change Initiative to assist U.S. businesses 
and public entities in meeting the need to decrease CO2 and other greenhouse gas 
(GHG) emissions in a voluntary manner.  The Global Climate Change Initiative has a 
goal of 18 percent reduction in GHG intensity, which involves the relationship of GHGs 
to the gross domestic product, by 2012. 

 
To assist with President Bush’s initiative, Federal government departments and 

agencies are utilizing various technologies and approaches, including, in the case of the 
U.S. Department of Energy (USDOE), a program led by the National Energy Technology 
Laboratory (NETL) focused on multi-state, regionally-based partnerships, known formally 
as Regional Carbon Sequestration Partnerships (RCSPs), to advance and demonstrate 
carbon sequestration technology options to assist to the Nation’s ability to meet the 
Global Climate Change Initiative. 

 
The Southeast Regional Carbon Sequestration Partnership (SECARB), which is 

one of seven RCSPs funded for Phase I activities, is the Southern States Energy Board 
(SSEB)-led framework to address opportunities for carbon sequestration technology 
deployment in the Southeastern U.S. The Partnership represents eleven southeastern 
states, including Alabama, Arkansas, Florida, Georgia, Louisiana, Mississippi, North 
Carolina, South Carolina, Tennessee, Texas, and Virginia.  Partners include state 
government agencies, research universities, energy companies, private consultancies, 
and nonprofit entities with presences and interests within the SECARB and SSEB 
regions.   

 
As part of its mission, SECARB has a goal to develop public involvement and 

education mechanisms and plans to raise public awareness of sequestration 
opportunities in the region and provide interested stakeholders with information about 
technology deployment efforts.  Through the efforts of the SECARB team, SECARB has 
worked to advance this goal and the overall mission during the first year of the RCSP 
initiative.  As a result of the unique structure of the SSEB, which is the nation’s only 
regionally-focused, Federal-state energy compact, which engages state government 
entities and private businesses in sustainable dialogues on emerging energy and 
environmental technology issues, SECARB is well positioned to obtain input from a 
broad cross-section of stakeholders and develop public involvement and education 
mechanisms and associated multi-year action plans to assist in the wide-scale 
deployment of carbon sequestration technologies and approaches. 

 
This report documents the efforts of the SECARB outreach team during the initial 

year of the Phase I SECARB activities. 
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II. EXPERIMENTAL 
 
Due to the nature of the project, no experimental methods, materials, or equipment were 
or are necessary. 
 
III. RESULTS AND DISCUSSION 
 

A. Overview 
 
SECARB, which, as noted, is one of seven RCSPs funded for Phase I activities, 

is the SSEB-led framework to address opportunities for carbon sequestration technology 
deployment in the Southeastern U.S. The Partnership represents eleven southeastern 
states, including Alabama, Arkansas, Florida, Georgia, Louisiana, Mississippi, North 
Carolina, South Carolina and Tennessee, Texas, and Virginia. 

 
Partners include state government agencies, research universities, energy 

companies, private consultancies, and nonprofit entities with presences and interests 
within the SECARB region and the SSEB, which is the only interstate compact in the 
United States that is constituted by both federal and state laws, that has governors, state 
legislators, and a Presidential appointee comprising its board of directors, and is 
empowered by its charter to address energy and environmental issues..  Among the 
Technical Team partners are: the SSEB; Electric Power Research Institute (EPRI); a 
Mississippi State University (MSU) team led by the Diagnostic Instrumental Analysis 
Laboratory (MSU-DIAL); Augusta Systems, Inc. (Augusta Systems); Massachusetts 
Institute of Technology (MIT); the University of Texas at Austin, Bureau of Economic 
Geology (Texas-BEG); the Virginia Polytechnic Institute and State University (Virginia 
Tech); Winrock International; Geological Survey of Alabama; Advanced Resources 
International (ARI); Applied Geo Technologies, Inc., a business of the Mississippi Band 
of Choctaw Indians; the Tennessee Valley Authority (TVA); RMS Strategies; and, The 
Phillips Group. 

 
In addition to the Technical Team, the SECARB Technology Coalition, a joint 

membership of stakeholders from the public and private sector, will advise, guide and 
provide input related to advancing carbon sequestration technology deployment in the 
Southeast.  The Technology Coalition is integral for identifying viable potential SECARB 
Phase II pilot projects.  Furthermore, these participants are integral to achieving and 
leveraging the technical information transfer, outreach and public perception activities of 
the Partnership.  Initially, the Coalition will be represented by public sector officials from 
SSEB member states involved in SECARB and the Interstate Oil and Gas Compact 
Commission. The initial private sector members of the SECARB Technology Coalition 
include: Southern Company; TVA; Duke Power; Tampa Electric Company; Progress 
Energy; SCANA; Center for Energy and Economic Development (CEED); North 
American Coal Corporation; and Clean Energy Systems, Inc, among others. 

 
As part of its mission, SECARB has a goal to develop public involvement and 

education mechanisms and plans to raise public awareness of sequestration 
opportunities in the region and provide interested stakeholders with information about 
technology deployment efforts.  Through the efforts of the SECARB team, SECARB has 
worked to advance this goal and the overall mission during the first year of the RCSP 
initiative.  As a result of the unique structure of the SSEB, which is the nation’s only 
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regionally-focused, Federal-state energy compact, that engages state government 
entities and private businesses in sustainable dialogues on emerging energy and 
environmental technology issues, the SECARB is well positioned to obtain input from a 
broad cross-section of stakeholders and develop public involvement and education 
mechanisms and associated multi-year action plans to assist in the wide-scale 
deployment of carbon sequestration technologies and approaches. 

 
To meet the public outreach and education goals of SECARB, year one efforts 

focused on meeting the requirements of SECARB Subtask 3.2, which sought to conduct 
a preliminary assessment of public perception regarding the SECARB effort and develop 
a follow-on plan focused on undertaking in-depth research that would serve to assist in 
the development of the formal action plans for public outreach and education required 
for successful completion of the Phase I activities. 

 
To serve the needs of public perception assessment, the SECARB team utilized 

the SSEB as a vehicle for engaging and informing opinion leaders and stakeholders in 
the southeast on SECARB and its goals. Information about SECARB was disseminated 
through various SSEB communications and events, including the SSEB Chairman’s 
Forum, the SSEB Annual Meeting, the Southern Legislative Conference Annual Meeting, 
meetings of the SECARB Technical Team and Technology Coalition, and the Carbon 
Sequestration Programmatic Environmental Impact Statement (PEIS) public scoping 
meeting held in the SECARB region, among others. 

 
Based upon these communications efforts to ascertain knowledge of and interest 

in carbon sequestration, as well as follow-on discussions with SECARB and SSEB 
stakeholders, the team concluded that a thorough planning effort was necessary to 
facilitate and structure on-going education and outreach efforts. Therefore, a planning 
effort was developed that could assist in creating positive public perceptions of 
SECARB. It was determined that this plan would consist of efforts to further effective 
message development for SECARB outreach activities, as well efforts to gauge the 
unique environmental histories of the states in the SECARB region. 

 
Specifically, this plan called for survey research methods, to be conducted by 

RMS Strategies and The Phillips Group, with the assistance of Augusta Systems and the 
SSEB, to determine the opinions of industry and environmental organizations for the 
purposes of outreach message development and an in-depth series of interviews with 
state government representatives from states in the SECARB region for the purposes of 
understanding the unique environmental history of each state in such areas as project 
permitting and historical public reaction to project development, for instance. 
Implementation of the plan began during the quarter with a focus group discussion 
featuring industry representatives. A final report summarizing the findings of the focus 
group discussion is under development with a planned completion in October 2004.  
This process will continue with similar engagement of environmental nongovernmental 
organization stakeholders in the first quarter of year two of this Phase I effort.  
Additionally, the processes for both a survey of environmental organizations and for the 
in-depth interviews with state representatives are under development. These efforts will 
be concluded during the next quarter. 
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B. Baseline Research and Training Activities 
 
 Initial outreach activities of SECARB focused on two key areas – engagement in 
the NETL RCSP outreach working group and an examination of possible worst case 
comparables for carbon sequestration, i.e. historic issues that could be raised as 
analogs to geologic carbon sequestration despite the misapplication of this status.  
Activities in both areas are discussed below. 
 
 In an effort to ensure that all RCSPs, including SECARB, engaged in outreach 
and education activities with an appropriate base of background knowledge about 
carbon sequestration and outreach activities, NETL coordinated and managed RCSP 
outreach working group meetings, including risk communication workshops, and were 
assisted in this process by The Keystone Group, the AJW Group, and other private 
consultants. 
 
 As a result of these monthly meetings, calls, and workshops, SECARB and the 
other partnerships are working to ensure that common outreach messages are being 
conveyed throughout the RCSPs.  Notably, the RCSP outreach working group has 
completed a question and answer briefing paper for utilization as questions and 
concerns may be presented to the RCSPs by stakeholders. 
 
 To supplement this NETL-provided training and education Augusta Systems 
undertook baseline analysis of potential negative analogs for geologic carbon 
sequestration, which is generally considered to involve more public risk concerns than 
terrestrial sequestration.  Research efforts were focused on the garnering of data related 
to recent environmental disasters, both anthropogenic and naturally occurring, which 
could arise during discussions of geologic carbon sequestration. This investigation 
focused on four environmental scenarios, located in: Longview, Texas; Lake Nyos, 
Cameroon; Hutchinson, Kansas; and the Western Pennsylvania region. 
 
 The Longview, Texas scenario involved an incident related to the oil extraction 
process under which a resident discovered crude oil spilling out from all plumbing 
receptacles within the home.  This incident appeared to be the result of the household 
plumbing being connected to a saltwater disposal line, which oil companies operated in 
their extraction process, instead of the sewage line.  So, when the saltwater line 
experienced blockage, it forced oil up through the homeowners existing plumbing.  Thus, 
there appears to be no correlation of this potential analog to geologic carbon 
sequestration, and any attempt to suggest that similar results could occur with geologic 
carbon sequestration would be easily countered. 
 
 The Lake Nyos, Cameroon scenario involved naturally occurring CO2 migration 
from a volcanic overlying lake, which caused a catastrophic natural disaster that claimed 
the lives of 1800 people, livestock, and animal life as far as 25 km away.  Scientists 
agree that the CO2 was produced from the volcano, and, was substantially similar to a 
previous gas eruption from neighboring Lake Monoun that caused the death of 37 
people two years before the Lake Nyos eruption.  This scenario is not an analog to 
geologic sequestration as it would be unlikely as geologic sequestration activities would 
ever be permitted to occur in areas of such seismic instability as this Lake Nyos region. 
 
 The Hutchinson, Kansas scenario concerns natural gas migration, stemming 
from a gas storage facility casing leak, causing numerous explosions and surface 
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venting.  In this area, progression of natural gas explosions and geysers were observed 
around the city, some jetting up to 30 feet.  The explosions destroyed numerous 
structures and resulted in the deaths of two people when their mobile home exploded.  
The source of the natural gas leak was a Kansas Gas Service-owned Yaggy salt cavern 
storage facility, seven miles northwest of Hutchinson, of approximately 143 million cubic 
feet.  The natural gas, which escaped through a leaky casing pipe, migrated from the 
subsurface, emerging via uncapped brine wells, and by pressure, was forced through 
preexisting fractures throughout the geologic strata.  While some parties could attempt to 
draw a relationship between these natural gas storage field issues and geologic carbon 
sequestration, the overall lack of structure surrounding the natural gas storage field 
activities likely would eliminate any true ability for these situations to be analogs. 
 
 The western Pennsylvania scenario, which involves elevated levels of CO2 in 
home basements and drinking water source contamination, is, perhaps, the most 
probable analog for geologic carbon sequestration of the scenarios investigated.  
Numerous homes in western Pennsylvania have chronicled elevated amounts of CO2, 
which can be extremely hazardous and pose lethal implications, making several 
residences uninhabitable.  These elevated CO2 levels were believed to have originated 
from anthropogenic sources, including spoil from reclaimed or abandoned surface coal 
mines; functioning surface mines; deserted underground mines; oil and natural gas 
wells; and reactions of abandoned mine drainage with bedrock containing carbonate.  
While this potential analog has the highest likely correlation to geologic carbon 
sequestration, clear differences exist that make it an unreasonable as an analog.  
Principal differences focus on the lack of stringent permitting and safety measures 
associated with these activities believed to have produced the dangerous levels of CO2, 
which would be present in the case of geologic carbon sequestration. 
 
 While these four above-referenced potential analogs fail to qualify as true 
analogs, these scenarios are useful for purposes of developing outreach and education 
mechanisms as these scenarios demonstrate the type of historical incidents that could 
be employed by parties disinclined to support geologic carbon sequestration. 
 
 With this baseline of knowledge from the NETL RCSP outreach working groups 
and initial potential comparable risk activities, the SECARB outreach team set forth 
worked to ensure that early stage meetings and briefings would include low-risk 
outreach activities and that the SECARB integrated outreach strategy would be well-
positioned to facilitate outreach successes for SECARB, NETL, and USDOE. 
 
 C. Early Stage Meetings and Briefings 
 
 As a Federal-state energy compact, the SSEB hosts a number of activities for 
SSEB members during the course of a calendar year, including an SSEB Annual 
Meeting, an SSEB Chairman’s Forum, and a meeting at the Southern Legislative 
Conference.  As a significant benefit to SECARB, these meetings, as proposed in the 
SECARB proposal to NETL, have been utilized to facilitate early engagement of partners 
and stakeholders alike in SECARB. 
 
 During year one of SECARB Phase I, the SECARB team utilized the SSEB as a 
vehicle for engaging and informing opinion leaders and stakeholders in the southeast on 
SECARB and its goals. Information about SECARB was disseminated through various 
SSEB communications and events, including the SSEB Chairman’s Forum, the SSEB 
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Annual Meeting, the Southern Legislative Conference Annual Meeting, meetings of the 
SECARB Technical Team and Technology Coalition and the Carbon Sequestration PEIS 
public scoping meeting held in the SECARB region, among others. 
  

The initial meeting of the SECARB Technical Team and Technology Coalition 
occurred in January 2004 in Atlanta, Georgia.  The meeting served to report on the 
status of subcontracts for SECARB, the work effort accomplished following the NETL 
RCSP Kick-off Meeting in November 2003, and to solicit input from Technology Coalition 
stakeholders for the coming months of the activity.  A copy of the agenda from the event 
is attached as Appendix A. 

 
As a result of the decision of SSEB 2004 Chairman, West Virginia Governor Bob 

Wise, to host an SSEB Chairman’s Forum focused on carbon management, entitled 
“Regional Meeting on Defining Priority Actions for Voluntary Carbon Management 
Activities in the South,” SECARB had another opportunity to present to stakeholders the 
plans and initial efforts of SECARB.  Speakers at the SSEB Chairman’s Forum included 
representatives from USDOE, NETL, the United States Environmental Protection 
Agency, the United States Department of State, state governments, private industry, the 
SECARB Technology Coalition, and the SECARB Technical Team.  A copy of the 
agenda from the SSEB Chairman’s Forum is attached as Appendix B. 

 
 In August 2004, Augusta Systems and the SSEB, on behalf of SECARB, 
provided remarks to a meeting of the Southern Legislative Conference regarding the 
carbon sequestration issues of potential interest to legislators in SECARB and other 
southern states.  A copy of a briefing document distributed along with a power point 
presentation delivered by Augusta Systems is attached as Appendix C.  In addition, the 
SSEB and SECARB provided comments during the NETL Carbon Sequestration PEIS 
public scoping meeting.  A copy of these comments is provided for reference as 
Appendix D. 
 
 D. SECARB Integrated Outreach Strategy 
 
 As a result of the outreach training and research activities and discussions from 
the early stage meetings and briefings, SECARB developed an integrated outreach 
strategy, which served as an initial action plan for the Phase I effort, as required by 
SECARB Subtask 3.2.  Based upon the potential issues and concerns identified in the 
early activities of SECARB, Augusta Systems developed the SECARB Integrated 
Outreach Strategy prior to the implementation of the in-depth survey research activities. 
  
 The objective of the SECARB Integrated Outreach Strategy is to implement an 
outreach and education program that connects the value of carbon sequestration 
technologies among multiple constituencies.  The program will incorporate both internal, 
which includes SECARB Technical Team and Technology Coalition partners, and 
external components with strategies targeted to respective audiences and their needs.  It 
will create awareness and comprehension of the purpose of the SECARB as outlined by 
the objectives of USDOE and NETL.  It will advance RCSPs through the distribution of 
ongoing analysis and findings relative to the activities of SECARB initiatives.  As a result, 
the application of carbon sequestration technologies will be accepted as an economically 
and environmentally sound energy technology and approach. 
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 This SECARB Integrated Outreach Strategy, which consists of four key elements 
– determination of stakeholders and needs; establishment of outreach goals, and 
determination of outreach strategies, and initiation of outreach activities and on-going 
evaluation, is further detailed below. 
 
  1. Determination of Stakeholders and Needs  
 
 To initiate the outreach program, the SECARB outreach team defined the 
SECARB partners and other stakeholders and is moving forward to determine the needs 
of these stakeholders with reference to education and outreach.  The SECARB partners 
included, among others, the SECARB Technical Team Members, the SECARB 
Technology Coalition Members, USDOE, and others as defined by the SECARB 
leadership.  In addition, the other SECARB stakeholders included SECARB regional 
organizations from industry, environmental nongovernmental organizations, the public, 
other special interest groups, academic and research institutions, government agencies, 
and others including stakeholders from beyond the SECARB region. 
 

The determination of stakeholder outreach and education needs element of the 
effort is being conducted currently.  Additional details follow in Section E of this report 
below. 
 
  2. Establishment of Outreach Goals 
 
 Following the determination of outreach needs of these internal SECARB 
stakeholders, the SECARB outreach team would set outreach goals focused on both 
SECARB partners and external SECARB stakeholders.  These goals would support the 
objectives of USDOE, NETL, and SECARB in generating understanding and support for 
carbon sequestration technologies among stakeholders through the communication and 
validation of SERCSP demonstrations and findings.  These goals would be based upon 
four factors, as follows: 
 

• Background research and survey research activity analysis; 
• Existing environmental history that could drive awareness, education, and 

attitude needs of audience; 
• Technology validation needs; and, 
• Potential barriers to acceptance of carbon sequestration technologies and 

approaches. 
 

3. Determination of Outreach Strategies 
 

Following the formal establishment of outreach goals, which will be based in large 
measure on the outcomes of the first element – determination of stakeholder outreach 
needs – and subsequent analysis efforts under element two – establishment of outreach 
goals, SECARB will move forward to determine outreach strategies.  The outreach 
strategies will develop the infrastructure, mechanisms and implementation 
methodologies aligned with USDOE, NETL, and SECARB in terms of overall objectives 
and objectives of the Integrated Outreach Strategy.   The outreach strategies, which will 
be targeted at both SECARB partners and other SECARB stakeholders following input 
from NETL, will include focuses on: 
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• Stakeholder Prioritization; 
• Message Development; 
• Identity Development; 
• Technology and Approach Concept Training; 
• Outreach Infrastructure Development (possibilities include SECARB Web page, 

e-mail lists, newsletter, letters, resource book, forums, brochures, fact sheets, 
maps, charts, background papers, SECARB fact sheets, background papers, 
maps, etc.); and, 

• Outreach Timeline Development (for outreach on findings, announcements, 
achievements, ongoing activities, results, etc.). 

 
 Under this element, SECARB will develop the Action Plan for Public Involvement, 
Education, and Acceptance called for by Subtask 6.5 of the SECARB proposal.  As part 
of this overall plan, SECARB has embraced utilization of the NETL-supported Carbon 
Offset Opportunity Program as a tool to assist in facilitating collaborative carbon 
sequestration activities in the SECARB region. 

 
  4. Formal Initiation of Outreach and On-going Evaluation 
 
This initiation of outreach and on-going evaluation will center on the roll-out, 
implementation and refinement of the Action Plan for Public Involvement, Education, and 
Acceptance called for by Subtask 6.5 of the SECARB proposal.  This element will 
include not only the action plan delivery and measurement of the infrastructure and 
strategies for SECARB outreach and education. 
 
 

E. Stakeholder Needs Analysis: In-Depth Survey Research Activities 
 

 As noted, the determination of stakeholder outreach and education needs 
element of the effort is being conducted currently.  These activities have focused, to-
date, on two areas: (1) SECARB Regional Perceptions of Carbon Sequestration; and (2) 
SECARB Region Environmental History Research.  Details on these areas follow. 
 
  1. SECARB Regional Perceptions of Carbon Sequestration 
 
 The objective of the SECARB regional perceptions of carbon sequestration 
research effort is to determine and evaluate the attitudes and perceptions of key opinion 
leaders – including most notably leaders of industry and environmental non-government 
organizations – regarding carbon sequestration issues.  The primary goals of the study 
will be to assess the awareness and understanding of carbon sequestration; identify any 
barriers to the carbon sequestration effort; and determine effective messages among the 
stakeholders.  Thus, the results of this research can direct the initial outreach and 
education efforts for SECARB. 
 
 With the SSEB Annual Meeting in September 2004 providing a suitable platform 
for an industry focus group session in Richmond, Virginia.  RMS Strategies led the focus 
group activities and conducted the planning and structuring of these activities with the 
assistance of Augusta Systems and the SSEB.  Working closely with representatives 
from Augusta Systems and the SSEB, RMS Strategies designed a focus group 
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discussion guide and worksheet and delivered a program that elicited unbiased 
responses to a host of question areas, including:   
 

• General environmental perceptions; 
• Climate change perceptions; 
• Overall awareness of carbon sequestration efforts; and, 
• Messaging. 

 
 A copy of the email invitation letter sent to SECARB industry focus group 
participants is attached as Appendix E, while a copy of the SECARB industry focus 
group agenda is included as Appendix F.  Further, copies of the SECARB industry focus 
group discussion guide and worksheet are included as Appendix G and H, respectively. 
 
 Documentation and analysis of this initial SECARB stakeholder perception 
survey research activity will be completed during October 2004.  Also, to further 
ascertain perceptions from other SECARB constituencies, including national and 
regional environmental nongovernmental organizations, a list of similar questions will be 
posed to a select group of identified SECARB stakeholders by RMS Strategies, with 
assistance from Augusta Systems and the SSEB, through a telephone-based in-depth 
interview process. 
 
  2. SECARB Region Environmental History Research 
 
 Clearly, the paths that have been tread before play an important role in 
determining what courses may be taken in the future.  To support efforts to ascertain the 
appropriate outreach strategies and mechanisms that should be employed to assist with 
wide-scale carbon sequestration deployment in the SECARB region, The Phillips Group, 
with the assistance of Augusta Systems and the SSEB, will undertake a research effort 
to determine the environmental history of each state within the SECARB region. This 
research – taking the form of a telephone interview with state energy and environmental 
officials – is meant to assist the partnership with its outreach efforts.  Through this 
survey, SECARB will gain knowledge of the environmental issues unique to each state 
in the SECARB region to better understand how these issues may relate to regional and 
national carbon sequestration efforts. 
 
 At present, a draft letter to be emailed to each identified contact in the eleven 
SECARB states has been prepared, as has the draft list of questions for the thirty minute 
telephone interview session.  A copy of the draft letter follows as Appendix I, while the 
draft telephone survey question list is attached as Appendix J.  These efforts will be 
initiated in October 2004. 
 
 
IV. CONCLUSION 
 
 The year one outreach activity efforts of SECARB Phase I have produced a 
platform for successes to be built upon in year two of SECARB Phase I.  In year two, 
SECARB will complete the activities of its integrated outreach strategy, which served as 
an initial action plan for the Phase I effort, including the in-depth survey research 
activities focused on determination of stakeholder education and outreach needs, as well 
as the establishment of outreach goals, determination of outreach strategies, and 
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initiation of outreach activities and on-going evaluation.  The result will be the 
development of an Action Plan for Public Involvement, Education, and Acceptance 
called for in Subtask 6.5 of the SECARB proposal. 
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LIST OF ACRONYMS AND ABBREVIATIONS 
 

CCS    Carbon Capture and Storage 
 
CEED    Center for Energy and Economic Development 
 
CO2    Carbon Dioxide 
 
DIAL    Diagnostic Instrumentation and Analysis Laboratory 
 
EPRI    Electric Power Research Institute 
 
GHG    Greenhouse Gas 
 
MIT    Massachusetts Institute of Technology 
 
MSU    Mississippi State University 
 
NETL    National Energy Technology Laboratory 
 
PEIS    Programmatic Environmental Impact Statement 
 
RCSP    Regional Carbon Sequestration Partnership 

 
SECARB   Southeast Regional Carbon Sequestration Partnership 
 
SGA    Southern Governors Association 
 
SLC    Southern Legislative Conference 
 
SSEB    Southern States Energy Board 
 
TVA    Tennessee Valley Authority 
 
U.S.    United States 
 
USDOE   United States Department of Energy

DE-FC26-03NT41980

SECARB Deliverables Appendix Document
Volume I

Page 288 of 548



 19

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDICES 

DE-FC26-03NT41980

SECARB Deliverables Appendix Document
Volume I

Page 289 of 548



 20

APPENDIX A – JANUARY SECARB MEETING 

Southeast Regional Carbon Sequestration Partnership 
Technical Team and Technology Coalition Meetings 

Grand Hyatt Atlanta – In Buckhead 
Atlanta, Georgia 

January 14-15, 2004 

 

 

Wednesday, January 14, 2004 

“Administrative and Project Management Meeting for 

Lead Technical Team Members”  

9:00 a.m.  Welcome and Introductions 
Mr. Kenneth J. Nemeth, Executive Director 
Southern States Energy Board 

 
Task 1, 2 & 3 Progress Reports and Crosscutting Activity Reports 

 Regulatory Compliance and Liability Issues 
 Public Outreach and Education 

Mr. Patrick R. Esposito, II, Chief Operating Officer 
Augusta Systems, Incorporated 
 

 Capture and Separation Technologies  
Dr. M. John Plodinec, Director, Diagnostic Instrumentation Analysis Laboratory 
Mississippi State University 
 

 Geologic Sink Characterization and Infrastructure Requirements 
   Dr. Patrick R. Esposito, Sr., Chief Executive Officer 

Augusta Systems, Incorporated 
 

 Terrestrial Sink Characterization and Infrastructure Requirements 
Mr. John Kadyszewski 
Winrock International 
 

 GIS/Database Development 
Mr. Richard Rhudy, Project Manager 

   Electric Power Research Institute 
 
Review of Work Responsibility Matrix with Key Team Leaders (some via phone) 
 
Southeast Regional Carbon Sequestration Partnership Website, www.secarbon.org 
 
Goals for January 15th Presentation to Coalition Members 
 

A G E N D A
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Governor’s Forum Discussion 
 
12:30 p.m.  Lunch on Your Own 
 

“Technical Team Working Session” 

2:00 p.m.   Welcome and Introductions 
Mr. Kenneth J. Nemeth, Executive Director 
Southern States Energy Board 
 
Introduction of Lead Technical Team 
Dr. Gerald R. Hill, Senior Technical Advisor 
Southern States Energy Board 
 
Goals for January 15th Meeting 

  Dr. Patrick R. Esposito, Sr., Chief Executive Officer 
Augusta Systems, Incorporated 

 
3:45 p.m.  Task 1, 2 & 3 Input Requirements 
 

Breakout Sessions for Working Groups 
 
Action Items for Technical Team 

 
5:30 p.m.  Adjourn 
 
6:00-7:00 p.m. Networking Session for SERCSP Technical Team and Technology Coalition 
Members 
  Location: Buckhead Ballroom 2 
 

Thursday, January 15, 2004  

“Technology Coalition Briefing and Working Session”  

8:00 a.m.   Welcome 
Mr. Kenneth J. Nemeth, Executive Director 
Southern States Energy Board 

 
Introduction of Coalition Members and Team Leaders 
Dr. M. John Plodinec, Director, Diagnostic Instrumentation Analysis Laboratory 
Mississippi State University 

 
Project Overview 

  Dr. Patrick R. Esposito, Sr., Chief Executive Officer 
Augusta Systems, Incorporated 
 
Task 1, 2 & 3 Status Report and Crosscutting Activity Reports 

 Regulatory Compliance and Liability Issues 
 Public Outreach and Education 

Mr. Patrick R. Esposito, II, Chief Operating Officer 
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Augusta Systems, Incorporated 
 

 Capture and Separation Technologies  
Dr. M. John Plodinec, Director, Diagnostic Instrumentation Analysis Laboratory 
Mississippi State University 
 

 Geologic Sink Characterization and Infrastructure Requirements 
   Dr. Patrick R. Esposito, Sr., Chief Executive Officer 

Augusta Systems, Incorporated 
 

 Terrestrial Sink Characterization and Infrastructure Requirements 
Mr. John Kadyszewski 
Winrock International 
 

 GIS/Database Development 
Mr. Richard Rhudy, Project Manager 

   Electric Power Research Institute 
 

U.S. Department of Energy Report 
Dr. Karen Cohen, DOE Project Manager 
U.S. Department of Energy 
 

 Regional Partnership Working Groups 
 Carbon Sequestration Atlas 

 
GIS Overviews 

 Terrestrial 
Mr. John Kadyszewski 
Winrock International 
 

 Geological 
Mr. Howard Herzog 
Massachusetts Institute of Technology 

 
12:00 p.m. Lunch on Your Own 
 
1:30 p.m.  Roundtable Discussion:  Perspectives for Phase II Carbon Sequestration 
  Mr. Richard Rhudy, Project Manager 
  Electric Power Research Institute 
 

Panel Discussion of Coalition Representatives 
 
Action Items for Project Team 
 
Announcement of April 2004 Chairman’s Forum on 
Carbon Management in the Southern States 

  Dr. Patrick R. Esposito, Sr., Chief Executive Officer 
Augusta Systems, Incorporated 

 
3:00 p.m.   Adjourn 
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APPENDIX B – SSEB CHAIRMAN’S FORUM MEETING 

Southern States Energy Board 
 

2004 Chairman’s Forum on  
Carbon Management in the Southern States 
“Regional Meeting on Defining Priority Actions for 

Voluntary Carbon Management Activities in the South” 
 

 Washington Plaza 
Washington, DC 

Thursday, May 20, 2004 
 
 
 

8:00 am  Continental Breakfast and Registration 
 
8:30 am  Welcome and Introductions 
 

Presiding: The Honorable Jimmy Skipper 
   House of Representatives, State of Georgia 
   Vice Chairman, Southern States Energy Board 
 

Dr. Patrick R. Esposito 
Chairman, Governor’s Energy Task Force, State of West Virginia 

   Governor’s Alternate, Southern States Energy Board 
 
   The Honorable Brian C. Griffin 

Federal Representative, Southern States Energy Board 
 
8:45 am  Overview of Carbon Management 
 
 Mr. Mark Maddox 

Acting Assistant Secretary for Fossil Energy 
   United States Department of Energy 
 
 Mr. Jeffrey R. Holmstead 

Assistant Administrator for Air and Radiation 
   United States Environmental Protection Agency 
 
   Mr. John F. Turner 

Assistant Secretary, Bureau of Oceans and International Environmental 
 Scientific Affairs 

   United States Department of State 
 
10:00 am  Break 
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10:15 am  Perspectives on Carbon Management 
 

Presiding: Dr. M. John Plodinec, Director 
Diagnostic Instrumentation and Laboratory, Mississippi State University 

 
 Federal Government Perspective 

   Dr. Robert Wright 
Power Systems Portfolio Manager, Office of Fossil Energy 
United States Department of Energy 

 
 Historical Perspective 

 Mr. Roger Ballentine 
 President 
 Green Strategies, Inc. 
  

 Industry Perspective 
 Mr. Dwight H. Evans 
 Executive Vice President 
 Southern Company 
 

 Public Perspective 
Mr. David Hawkins 
Director, Climate Center 
Natural Resources Defense Council 

 
12:00 pm  Luncheon 
 

Keynote Presentation: “The Road to Sensible Carbon 
Sequestration:  
An Insurance Policy for the Future” 
 
Mr. Ben Yamagata 
Executive Director 
Coal Utilization Research Council 

 
1:30 pm  Carbon Management in the South: Technologies and Approaches 
 

Presiding: The Honorable Tommy Robertson 
Senate, State of Mississippi  

 
 Terrestrial Sequestration Approaches 

Mississippi River Valley Activities 
Mr. Lawrence A. Selzer 
President and Chief Executive Officer  
The Conservation Fund 

 
 Accounting and Monitoring Approaches 

    Ecolytics – A GHG Emissions System  
    Mr. Patrick R. Esposito II 

Chief Operating Officer 
    Augusta Systems, Inc. 
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 Methane Management Approaches 

 Mr. Richard Winschel 
Director, Coal Utilization 

    CONSOL Energy, Inc. 
 

 Geologic Sequestration Approaches 
 CO2 Test Center Project 

Mr. Richard G. Rhudy 
Project Manager 

 Electric Power Research Institute 
 
3:00 pm  Break 
 
3:15 pm  Carbon Management in the South: Technologies and Approaches 

(continued) 
 

Presiding: The Honorable Jerry Paul 

House of Representatives, State of Florida 

Executive Member, Southern States Energy Board 

 
 Biobased Approaches 

Mr. Steve Segrest 
The Common Purpose Institute 

 
 Nuclear Power Contributions 

Dr. Tim Valentine 
Legislative Fellow 
United States Senator Lamar Alexander’s Office, State of 
Tennessee 
 

 Distributed Generation Approaches  
Mr. Dave Walls 
Director, New Business and Technology 
Navigant Consulting, Inc. 

 
 Combustion Approaches/Cleaner Fossil Fuel Systems 

Mr. Brian C. Griffin 
President 
Clean Energy Systems, Inc. 

 
4:30 pm  Break  
 
4:45 pm  Determining Priority Actions for Voluntary  

Carbon Management in the South 
   A discussion hosted by: 

The Honorable Bob Wise 
Governor, State of West Virginia 

   Chairman, Southern States Energy Board 
 
5:30 pm  Closing Remarks 
   Mr. Kenneth J. Nemeth 
 
6:00 pm  Adjournment to Networking Reception 
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APPENDIX C – SOUTHERN LEGISLATIVE CONFERENCE BRIEFING 

                                                          
 

Southern Legislative Conference Briefing: 
Considerations for Legislators Interested in Voluntary Carbon Management 

 
Introduction 
State legislators have an important role to play in encouraging voluntary greenhouse gas (GHG) and carbon 
management activities in the Southern States region.  With the region accounting for roughly 44% of the 
United States (U.S.) GHG emissions and a current Federal government position that focuses on voluntary 
GHG and carbon management approaches and encourages state action to facilitate the achievement of 
Federal goals, it is clear that the Southern States must play a leading role in the facilitation of activities that 
allow voluntary carbon management initiatives to take hold.  The Southern States Energy Board (SSEB) is 
assisting the U.S. Department of Energy (USDOE) by leading the Southeast Regional Carbon Sequestration 
Partnership (SECARB), which is working to foster the development of potential model state legislation on 
carbon sequestration, a leading field of carbon management approaches, and GHG emissions management 
on a region-wide basis.  As this effort and others move forward, there are proactive steps that state 
legislators can take on this matter today. 
 
What’s Happening in States? 
Throughout the United States, state legislators have taken the lead in drafting and advancing legislation to 
assist in facilitating voluntary GHG and carbon management activities in their states.  Notable types of 
legislation, as well as the states in which these concepts have been adopted, include: 

• Development of studies and creation of advisory bodies on carbon management (various states 
including Idaho and South Dakota); 

• Adoption of voluntary GHG and carbon emissions registries (examples include California, Georgia, 
and New Hampshire); and, 

• Passage of legislation to encourage terrestrial sequestration activities (Oklahoma and others). 
 

Conclusions 
As GHG and carbon emissions management will be a significant issue in the coming years, state legislators 
have a unique opportunity to impact the arena of carbon management.  With the Federal government 
supporting development of innovative approaches and technologies, including those focused on carbon 
sequestration, state legislators can work to assist their resident businesses and individuals with adopting 
and implementing voluntary carbon management activities and programs.  The SSEB and its partners in 
SECARB are ready to assist legislators in the Southern States in efforts to adopt cost-effective approaches 
to GHG and carbon emissions management.  Leading options include: 

• Authorizing and funding state studies on GHG and carbon emissions management approaches; 
• Implementing legislation to establish voluntary GHG emissions management registries; 
• Implementing legislation encouraging, or even providing incentives for, investments in voluntary 

GHG or carbon emissions reduction or offset projects that can be facilitated by initiatives like the 
Carbon Offset Opportunity Program (www.offsetopportunity.com) and others, or traded through 
programs like the Chicago Climate Exchange (www.chicagoclimatex.com) and others; 

• Working with national and regional efforts, such as those related to SECARB, to ensure that 
terrestrial sequestration projects, including those activities which include aspects of mine land 
reclamation, no till farming, soil conservation, brownfield restoration, among others, are legally 
permissible and economically feasible in states; and, 

• Working with national and regional efforts, such as those related to SECARB and the parallel 
efforts of the Interstate Oil and Gas Compact Commission, to ensure that geologic sequestration 
activities, including those related to the capture, separation, transportation, injection, and storage 
phases, are legally permissible and economically feasible in states. 

 
For more information 
For more information on options and approaches to allow state legislators to proactively assist with voluntary 
carbon management activities, please contact Kenneth Nemeth, of the Southern States Energy Board, by 
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email at nemeth@sseb.org or telephone at 770.242.7712, or Patrick Esposito, of Augusta Systems, by email 
at pesposito@augustasystems.com or by telephone at 304.599.3200. 
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APPENDIX D – SECARB COMMENTS AT USDOE PEIS MEETING 
 

(Please note: This document features the comments of Dr. Gerald R. Hill, of SECARB and the SSEB, 
at the USDOE Programmatic Environmental Impact Statement Public Scoping Meeting in Atlanta, 
Georgia on June 2, 2004.) 

 
Comments of 

DR. GERALD R. HILL 
Public Scoping Meeting 

NORCROSS, GA – JUNE 2, 2004 
U.S. Department of Energy 

Programmatic Environmental Impact Statement 
Carbon Sequestration Program 

 
INTRODUCTION 

My name is Dr. Gerald Hill.  I am Senior Technical Advisor to the Southern 
States Energy Board.  The Southern States Energy Board, or “SSEB”, is located at 6325 
Amherst Court, Norcross, Georgia 30092. 
 
 I am speaking on behalf of SSEB, and in support of Carbon Sequestration 
Programs.  We believe that the potential environmental benefits of carbon sequestration 
are significant and, therefore, the demonstration and deployment of enabling 
technologies to implement the Program should proceed. 
 
 SSEB is a non-profit interstate compact organization created in 1960 and 
established under Public Law 87-563 and 92-400 of the United States Congress.  The 
Board’s mission is to enhance economic development and the quality of life in the South 
through innovations in energy and environmental programs and technologies. 
 
 Sixteen southern states and two territories comprise the membership of SSEB.  
Each jurisdiction is represented by the governor and a legislator from the House and 
Senate.  A Federal Representative is appointed by the President of the United States. 
 
 SSEB is chaired by a Governor who is instrumental in setting priorities for the 
Board’s activities. 
 

In September 2002, West Virginia Governor Bob Wise became SSEB Chairman 
and declared carbon management to be a priority.  On May 20, 2004 Governor Wise 
convened a Chairman’s Forum on Carbon Management in the Southern States. 
 

SSEB’s carbon management forum was attended by over 100 people.  
Presentations were made by government officials, private sector experts, and public 
interest advocates.  A highlight of the two-day forum was a May 21st meeting of the 
Technology Coalition of the Southeast Regional Carbon Sequestration Partnership, or 
“SECARB”. 

 
In DOE’s announcement of tonight’s carbon sequestration meeting it was stated 

that: 
“Major initiatives to demonstrate the key elements of the Program may require 
collaboration with Federal agencies, state and regional governments, and private 
sector partnerships.”   

DE-FC26-03NT41980

SECARB Deliverables Appendix Document
Volume I

Page 298 of 548



 29

I am please to note that the groundwork for future collaboration on demonstration 
projects has been initiated. 

 
SECARB is one of seven regional partnerships that work with the National 

Energy Technology Laboratory to assess issues related to the capture, transport and 
storage of carbon dioxide emissions from fossil fuel sources.  Nine months of work by 
SECARB, and discussions with the SECARB Technology Coalition, provide the basis for 
specific comments I will make this evening. 

 
CAPTURE, TRANSPORT AND STORAGE 

I would like to discuss each of the three points noted here (carbon dioxide 
capture, transport and storage) in the context of current industry experience and 
potential environmental impacts. 
 

(1) Carbon dioxide capture (or separation) is an accepted and historic practice 
world-wide.  Both food grade and industrial grade CO2 are produced and 
consumed within world economies.  The DOE program of demonstration and 
deployment will simply expand the available sources of CO2 to include fossil fuel 
emissions.  Expanding potential sources to include fossil fuel emissions has the 
environmental benefit of offsetting others production processes. 

 
(2) Carbon dioxide transport is an accepted and historic practice world-wide.  Food 

grade and industrial grade CO2 are transported via pipeline, tanker truck and rail 
on a regular basis.  The CO2 that originates from fossil fuel emissions can be 
transported in the same manner.  The specifications will be the same, primarily 
relating to moisture content and oxygen content (to prevent corrosion of pipes or 
vessel surfaces) and the presence of other trace constituents (depending on 
whether the CO2 is intended for food-grade applications or various industrial 
applications).  Transporting CO2 that is captured from fossil fuel emissions 
sources will not introduce new or unknown environmental impacts to the pipeline, 
tanker truck or rail industries.  

 
(3) Carbon dioxide storage occurs naturally in terrestrial and geologic systems. 
 

(a) Terrestrial systems are being evaluated as potential sinks for sequestering 
CO2 emissions as stored carbon.  Building up soil carbon content or increasing 
the inventory of stored carbon in croplands and forest lands is viewed as a viable 
and immediate opportunity for reducing greenhouse gas (GHG) intensity.  The 
US Department of Agriculture has noted that the south central and southeast 
regions of the United States have the highest potential for carbon storage in 
terrestrial systems.  Utilizing terrestrial systems as sinks for carbon will have a 
positive environmental benefit upon the reduction in greenhouse gas intensity. 
 
(b) Geologic systems are being evaluated as potential sinks for storing CO2 
emissions.  Injecting CO2 into underground formations has been occurring for 
the past twenty years.  Specifically, CO2 from natural underground formations or 
from commercially available separation units is injected into oil/gas wells in order 
to increase the output of the wells.  This practice is called enhanced oil recovery, 
or “EOR”.  The potential market for CO2 used in enhanced oil recovery is large.  
The Texas Bureau of Economic Geology has evaluated over 3300 wells and 
determined that about 1800 are suitable for EOR, with CO2 injection being a 
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candidate technology for many of these wells.  The use of CO2 that is captured 
from fossil fuel emission sources will not introduce new or unknown 
environmental impacts to the EOR industry.  In fact, it will have the added 
environmental benefit of removing large volumes of CO2 from the atmospheric 
inventory and also will reduce the amount of CO2 that is being extracted from 
natural formations or produce by commercial separation units. 

 
In addition, CO2 injection can be used for recovering coal bed methane.  In this 
practice CO2 is pumped into coal seams and methane is liberated from the 
seams.  The southeast region has many thin seams of coal that could store CO2 
and produce methane.  Recovering methane by utilizing CO2 emissions from 
fossil fuel facilities can provide positive economic benefits to the southeastern 
region, while increasing the supply of pipeline-grade natural gas.  Additional work 
is needed in order to fully understand the mechanisms of coal bed methane 
recovery using CO2.  The potential economic benefits of methane production and 
the potential environmental benefits of CO2 sequestration in coal seams are both 
very high.  Therefore, work should continue in the demonstration and deployment 
of these technologies, including the evaluation of environmental impacts. 
 
A third category of geologic storage is the sequestration of CO2 in deep saline 
formations.  Unlike enhanced oil recovery or coal bed methane production, this 
category of storage has no economic drivers within the region.  It is, however, a 
viable option for storing huge volumes of CO2 emissions from fossil fuel facilities.  
The oil industry and industries that extract materials from salt brine have 
practiced underground injection for decades.  The activity is regulated by the US 
Environmental Protection Agency and state agencies within the Underground 
Injection Control, or “UIC”, program. The potential environmental benefits of CO2 
sequestration in deep saline formations are very high.  Therefore, work should 
continue in the demonstration and deployment of these technologies, including 
the evaluation of environmental impacts. 

 
REGULATORY, PERMITTING AND SAFETY FRAMEWORK 

Clearly, at its inception, the Underground Injection Control program could not 
have anticipated the injection of fossil fuel CO2 emissions.  Consequently, there exists 
the potential for regulatory uncertainty.  It is essential that the regulatory, permitting and 
safety framework for CO2 injection evolve on its own merit. 

 
The framework must not be inappropriately or inaccurately constrained by UIC 

programs designed for unrelated activities.  We are asking DOE, as part of the 
Programmatic Environmental Impact Statement process, to call attention to potential 
regulatory barriers to the demonstration and deployment of CO2 sequestration options 
and related technologies. 

 
SSEB further requests that the US Environmental Protection Agency consider 

proactive steps, including but not limited to, the creation a new regulatory framework (or 
perhaps a new UIC category) for CO2 injection and storage. 

 
The federal and state regulatory frameworks should facilitate, not block, the 

demonstration and deployment of technologies that can increase our ability to produce 
domestic oil and gas (including coal bed methane gas).  We have an opportunity to 
generate positive economic activity in the region, while reducing our dependence on 
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foreign sources of oil and gas.  At the same time we can facilitate the development of a 
regulatory structure that will provide clear guidance for storing CO2 from fossil fuel 
emissions. 
 
MEASUREMENT, MONITORING AND VERIFICATION 

The ability to measure, monitor and verify performance of carbon sequestration 
technologies is an essential component of any demonstration or deployment program.  
Existing tools need to be modified for CO2 sequestration applications.  New tools will be 
needed for deployment efforts.  Measurement and verification systems will be needed to 
support voluntary reporting programs such as the US DOE 1605(b) initiative.  Future 
trading platforms and regulatory programs will require measurement and verification.  
Also, monitoring systems will be needed to assess real-time performance of equipment 
as well as long-term performance of storage options. 
 

Analytical tools and methods must be demonstrated under conditions that 
reasonably represent actual field conditions for carbon sequestration.  The potential 
environmental benefits of demonstrating analytical systems and methods are great and, 
under carefully controlled field conditions, the environmental risks can be very low.  
Therefore, DOE should move forward in an aggressive fashion to ensure that the proper 
measurement, monitoring and verification tools are made available as soon as possible. 
 
BREAKTHROUGH CONCEPTS 
 A major objective of the carbon sequestration program is to demonstrate and 
deploy technologies that can achieve environmental benefits and remain economically 
viable.  For this reason, the carbon sequestration program must maintain a level of 
flexibility that allows breakthrough concepts to be tested and verified.  The potential 
environmental benefit of a quantum leap breakthrough in carbon sequestration solutions 
is enormous.  Therefore, the programmatic EIS must incorporate sufficient flexibility to 
test and verify breakthrough concepts in order to realize potential environmental 
benefits. 
 
SUMMARY 

In summary, please allow me to recap key points that SSEB would ask the 
Department to consider as it develops a Programmatic Environmental Impact Statement: 
 
Capture:   

• Expanding potential sources to include fossil fuel emissions has the 
environmental benefit of offsetting others production processes. 

 
Transport:   

• Transporting CO2 that is captured from fossil fuel emissions sources will not 
introduce new or unknown environmental impacts to the pipeline, tanker truck or 
rail industries. 

 
Storage:   

• The use of CO2 that is captured from fossil fuel emissions sources will not 
introduce new or unknown environmental impacts to the EOR industry. 

 
• The potential economic benefits of methane production and the potential 

environmental benefits of CO2 sequestration in coal seams are both very high.  
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Therefore, work should continue in the demonstration and deployment of these 
technologies, including the evaluation of environmental impacts. 

 
• The potential environmental benefits of CO2 sequestration in deep saline 

formations are very high.  Therefore, work should continue in the demonstration 
and deployment of these technologies, including the evaluation of environmental 
impacts. 

 
Measurement, monitoring and verification: 

• The potential environmental benefits of demonstrating analytical systems and 
methods are great and, under carefully controlled field conditions, the 
environmental risks can be very low. 

 
Regulatory, permitting and safety framework: 

• Federal and state regulatory frameworks should facilitate, not block, the 
demonstration and deployment of technologies. 

 
Breakthrough concepts: 

• The programmatic EIS must incorporate sufficient flexibility to test and verify 
breakthrough concepts in order to realize potential environmental benefits. 

 
FURTHER INFORMATION 

Thank you for the opportunity to speak this evening.  For those who would more 
information about SSEB and SECARB, log on to www.sseb.org and click on the 
Southeast Regional Carbon Sequestration Partnership. 
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APPENDIX E – SECARB INDUSTRY FOCUS GROUP DISCUSSION LETTER 
 

(Please note: This letter was utilized to invite participants to the SECARB Industry Focus Group 
conducted on September 12, 2004 in Richmond, Virginia). 
 
Dear SSEB Associate Member: 
 
During the upcoming Southern States Energy Board 44th Annual Meeting in Richmond, 
Va., the SSEB will host a focus group to gauge industry views on carbon sequestration, 
an emerging technology that could assist with common-sense solutions to carbon 
management and climate change in the south and beyond. 
 
As you may be aware, the SSEB is the leading entity in SECARB, the Southeast 
Regional Carbon Sequestration Partnership, a U.S. Department of Energy-funded and 
industry-supported effort to study the possibilities for carbon sequestration in the 
southeast. The focus group is a part of this effort, providing industry with a valuable 
opportunity to shape the debate on carbon sequestration and common-sense solutions 
to climate change. 
 
As an energy leader in the southern region, your input in this process would be of great 
value.  As the focus group will help to shape the issues, prior knowledge of the topic is 
not required.  Please consider participating in the focus group, to be held in conjunction 
with our annual meeting, from 10:30 am to 12:30 p.m., September 12, 2004, at the Omni 
Hotel Richmond hotel in Richmond. Focus group attendees will be compensated for their 
participation. Refreshments will be provided. 
 
To R.S.V.P., or for more information, please contact Mark Blankenship of RMS 
Strategies, who will assist SSEB with this effort, at (304) 343-7655 or 
mblankenship@rmsstrategies.com. 
 
Thank you for consideration. 
 
Best regards, 
Ken Nemeth 
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APPENDIX F – SECARB INDUSTRY FOCUS GROUP AGENDA 
(Please note: This agenda was utilized for the SECARB Industry Focus Group conducted on 
September 12, 2004 in Richmond, Virginia). 

 
Southern States Energy Board 

Southeast Regional Carbon Sequestration Partnership 
(SECARB) 

 
“Focus Group on Industry Perceptions of the 

Value of Carbon Sequestration Research" 
 

Omni Hotel Richmond 
Richmond, Virginia 

Sunday, September 12, 2004 
10:30 a.m. to 12:30 p.m. 

Boardroom, 2nd Floor 
 
 

This Focus Group discussion will be moderated by Mr. Mark Blankenship, Senior 
Account Executive for RMS Strategies. RMS Strategies, a full-service custom survey 
research and consulting firm with locations throughout the southern region, provides 
expertise in the research of stakeholder perceptions and design of industry, government 
and public outreach communications strategies.  RMS has performed services for 
energy businesses and industry interest groups throughout the southern region.  RMS 
will perform a limited survey research activity for the Southeast Regional Carbon 
Sequestration Partnership to ascertain industry perceptions of the value of carbon 
sequestration research. 
 
 
 

 

10:30 a.m.   Welcome and Introductions 
   Mr. Mark Blankenship, Moderator 
   Senior Account Executive, RMS Strategies 
   Technical Team Member, Southeast Regional Carbon Sequestration 

Partnership 
 General Background Overview 
 Discussion Guidelines 

 

10:45 a.m.   Industry Perceptions of the Value of Carbon Sequestration 
    All Participants 

   Closing Remarks and Final Thoughts 
 
   Mr. Mark Blankenship 
 
12:30 p.m. Adjourn 

A G E N D A 

DE-FC26-03NT41980

SECARB Deliverables Appendix Document
Volume I

Page 304 of 548



 35

APPENDIX G – SECARB INDUSTRY FOCUS GROUP DISCUSSION GUIDE 
 

(Please note:  This focus group discussion guide was utilized as the main element of the SECARB 
Industry Focus Group conducted on September 12, 2004 in Richmond, Virginia). 
 
Introduction (:5 minutes) 
 
Hello, my name is ______________ and I’ll be your moderator for the next 2 hours 
during our group discussion.  First of all, I would like to thank you all for coming and 
taking time out of your busy schedules.  We’ll be talking about national and state 
organizations and associations and the issues and programs they support.  Before we 
get into our discussion, I would like to share a few things about myself and the room set-
up. 
 
I’m an independent research person and am not trying to sell you anything today.  I work 
for a research company based in Charleston, West Virginia, with offices in Arlington, 
Virginia and Cincinnati, Ohio. 
 
I’ll be writing a report based on what you tell me, and in order to make sure that I’m 
accurately reflecting your views and opinions – without quoting anyone by name – I’m 
making a video and audio tape recording of our discussion.   
 
I have a few members of my research team with me who are also working on this 
project, but rather than have them be part of our discussion, I’ve asked them to sit in the 
next room. 
 
During our discussion please help yourself – one at a time – to the refreshments on the 
table.  The restrooms are down the corridor.  If there’s anything I can do to make you 
more comfortable, please let me know. 
 
I do have a few favors to ask of you.  For the sake of my tape recording, please speak 
one at a time in a voice as loud as mine.  I also want to encourage you to speak directly 
to each other.  There is no need to direct every comment to me – as long as you don’t 
have private side conversations. 
 
Finally, there are no right or wrong answers.  I want to hear as many different opinions 
as possible.  We often learn new and important things from people who do not agree 
with the majority.  So, if you have a different opinion, I’d encourage you to tell me and 
the others exactly how you feel. 
 
Let’s get to know each other a little bit before we begin.  I would like each of you to 
introduce yourself to the group:  tell us your first name, who you work for, where you live 
and one or two personal interests outside work. 
 
Warm-Up and General Environmental Issues  (:10 minutes) 
  
1. Tell me a little about the business environment your company faces today?  Is it 

better than it was five years ago, worse?  Why?     
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2. What are some of the major issues and challenges your company or organization 
will face during the next five years? How are you preparing to deal with these issues 
and challenges? 

 
3. When thinking about the environment, would you say environmental quality has 

improved, gotten worse or stayed about the same during the past few years?  Why 
do you say that? 

 
(DISTRIBUTE HAND OUT 1) I am going to give you a simple worksheet to 
complete.  You will see a number of different environmental issues and/or 
attributes.  Please tell me how important each of these issues is to your company 
or organization.  If it is an issue which is “very important” you will want to assign 
a rating of 9.  If the issue is “not at all important” you will want to assign a rating 
of 1.  You can use any number between 1 and 9 and you can use any number more 
than once.  Please let me know if you have any questions.    
 
4. Who sets your company or organization’s environmental “agenda?”  What are some 

of the issues or characteristics which are considered when setting this agenda?   
 
5. What are the most important environmental issues within your company, in other 

words, what issues are prioritized by the management and leadership, 
shareholders, et cetera?  Do you believe these issues are consistent with the 
concerns of the environmental community and general public?  Why or why not?   

 
6. What are some of the most likely environmental challenges your company or 

organization will face during the next few years?  What kinds of things is your 
company or organization doing to prepare for these issues and challenges?     

 
7. How would you describe your company’s or organization’s “attitude” regarding 

environmental issues?  How would others describe your company’s attitude 
regarding environmental issues?  Do you believe your company or organization has 
a good environmental image?  How could it be improved?   

 
8. How would you describe your company’s or organization’s working relationship with 

environmental groups?  Is there room for improvement?  Describe to me some of 
the ways in which you believe it could be improved. 

 
Climate Change Issues (:10 minutes)  
 
9. How important are climate change issues to your company’s or organizational 

leadership?  Why is it so/not so important from an internal perspective? 
 
10. Does your company or organization participate in any climate change strategies or 

projects?  If so, what are some of the projects?  How effective are these strategies 
and projects in your opinion? 

 
11. Who within your organization determines what, if any, climate change issues and 

projects you will participate in?  Describe for me how those decisions are made.  
(Probe what issues are important to determine usefulness of said 
strategies/projects such as cost, environmental impact, public perceptions, 

DE-FC26-03NT41980

SECARB Deliverables Appendix Document
Volume I

Page 306 of 548



 37

etc.)  
 

12. When your company or organization works in a climate change strategy or project, 
do you handle the work with internal staff or do you generally use outside 
consultants?  Is one more effective than the other in your opinion?     
 

13. How useful or effective are these climate change projects and strategies perceived 
within your company or organization?  How could these perceptions be improved? 

 
14. How useful or effective are these climate change projects and strategies perceived 

outside your organization (by government officials, environmental groups, general 
public)?  How could those external perceptions be improved? 

 
15. What would be/are the primary benefits to your organization with regard to 

participation in climate change strategies/projects?  (Probe long-term cost, 
compliance, public perception, community outreach, etc.)    

 
Carbon Sequestration – Awareness and Image (:20 minutes)   
 
16. Can you explain to me, generally, what carbon sequestration is (PROBE 

terrestrial/geological)?  Do you believe you have a deep understanding of carbon 
sequestration?  Why or why not? 

 
17. How attainable or feasible do you believe carbon sequestration is?  What leads you 

to believe that? 
 
18. How effective do you believe carbon sequestration efforts are currently?  What 

leads you to believe that?  How effective do you believe carbon sequestration efforts 
will be in, say, the next five years?  Why do you say that? 

 
19. What are some of the major barriers you see to long-term, sustained carbon 

sequestration efforts?  How likely is it that these barriers will be addressed? 
 
20. Who are some of the “thought leaders” or experts in carbon sequestration?  Who is 

managing this effort?  Who should be leading these efforts?  Why? 
 
21. Are there any groups outside the industry who are participating in carbon 

sequestration efforts?  Who? 
 
22. How much support exists in your company’s or organizational leadership for carbon 

sequestration efforts?  Should it be more of a priority or less of a priority?  Why? 
 
23. Thinking about your industry, how much support exists for carbon sequestration?  

Do you believe more support can be garnered?  If so, how? 
 
24. How much support do you believe exists in the environmental community for carbon 

sequestration efforts?  Can it be improved?     
 
25. In your opinion, what are the primary benefits or advantages of carbon 

sequestration?  Are they the same for terrestrial carbon sequestration and geologic 
carbon sequestration?   
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26. What are some of your concerns regarding carbon sequestration efforts?  How 

should those concerns be addressed? Are there risks (probe economic and 
environmental risks) associated with carbon sequestration?  How do you believe 
those risks should be addressed? 

     
27. Do you believe carbon sequestration efforts could be an effective component of 

climate change strategy?  Why or why not?   
 
28. How much support do you believe your company or organization would lend to 

carbon sequestration efforts as a component of an overall climate change strategy? 
  
29. Are there any major environmental concerns you believe need to be addressed?  

What are they?  How much of a barrier do you believe environmental groups and 
the general public will be to major carbon sequestration initiatives? 

   
Messaging (:5 minutes) 
 
30. What would you describe as the most effective way to communicate the overall 

message of carbon sequestration to your company or organization?  In other words, 
who should hear the message and what should that message be in order to 
increase support? 

 
31. How would you communicate or “sell” the general public in your area on carbon 

sequestration efforts?  What would you say to them?  What benefits would you want 
to promote?  Why? 

 
32. What advice would you give to those leading the carbon sequestration efforts 

regarding working with environmental groups or interests during this process?  What 
messages would you deliver?  What concerns would you address?   
 

33. From your perspective, what is a better way to describe this issue – carbon 
sequestration or carbon capture and storage?  Why?  Is there another way you 
would describe it? 

 
34. Those are all the questions I have for you this evening.  I appreciate your time and 

participation.  Is there anything else you would like to add to our discussion which I 
may not have covered or you did not get a chance to discuss?  Thank you.   

 
The focus group activity concludes following question 34 above.   
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APPENDIX H – SECARB INDUSTRY FOCUS GROUP WORKSHEET 
 
(Please note:  This focus group worksheet was utilized in the course of the SECARB Industry Focus 
Group conducted on September 12, 2004 in Richmond, Virginia). 
 
Name: _______________________ 
 
Listed below are some specific issues.  Please tell me how important each issue is to 
your company or organization.  If it is an issue which is “very important” you will want to 
assign a rating of 9.  If the issue is “not at all important” you will want to assign a rating of 
1.  You can use any number between 1 and 9 and you can use any number more than 
once.   
 
                                                 Not at All                                    Very  
                                                 Important           Important  
 
Greenhouse Gas Emissions  
   Management   1 2 3 4 5 6 7 8 9 
 
Air Quality (NOx, SOx and  
   mercury emissions)  1 2 3 4 5 6 7 8 9  
 
Legacy Issues (including  
   post-operations land use)  1 2 3 4 5 6 7 8 9 
 
Carbon Sequestration 
(Geologic and terrestrial)  1 2 3 4 5 6 7 8 9 
 
Hydrogen technology 
research and development  1 2 3 4 5 6 7 8 9 
 
Energy security and 
assurance   1  2 3 4 5 6 7 8 9 
 
Renewable energy investments  
   (biomass, wind and solar)  1 2 3 4 5 6 7 8 9 
 
Clean coal technology 
and development   1 2 3 4 5 6 7 8 9 
 
Climate change planning 
and development   1 2 3 4 5 6 7 8 9 
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APPENDIX I – DRAFT ENVIRONMENTAL HISTORY RESEARCH LETTER 
 

(Please note: This draft letter was prepared for utilization to invite SECARB state government 
stakeholders to participate in the SECARB Environmental History research activities to be 
conducted during October and November 2004 via telephone.) 
 
Dear _______________: 
 
The Southern States Energy Board is conducting a telephone survey on environmental 
issues in the Southeast. As a state energy leader in the southern region, we would be 
honored if you could assist us by participating in this effort. 
 
As you may be aware, the Board is the managing entity for SECARB, the Southeast 
Regional Carbon Sequestration Partnership, a U.S. Department of Energy-funded and 
industry-supported effort to study the potential for capture, storage and sequestration of 
carbon dioxide in the Southeast. This project seeks to research common sense solutions 
to greenhouse gas emissions reduction and climate change issues. 
 
An important part of this effort is public outreach. Through this survey, we hope to gain 
knowledge of the environmental issues unique to each state in the SECARB region to 
better understand how these issues may relate to our carbon sequestration effort. 
 
The survey, in the form of a telephone interview, would take no more than 30 minutes of 
your time. A representative from The Phillips Group, which is assisting the SSEB with 
this effort, will be in contact to schedule a convenient time for the interview.  
 
As your input in this process would be of great value to our effort to research new 
environmental solutions for the Southeast, I ask that you please consider participating. 
 
Thank you in advance for your assistance. 
 
Sincerely, 
 
Ken Nemeth 
Executive Director, SSEB 
Project Manager, SECARB 
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APPENDIX J – DRAFT ENVIRONMENTAL HISTORY INTERVIEW QUESTIONNAIRE 
 
(Please note: This draft environmental history interview questionnaire was prepared for utilization 
with the SECARB state government stakeholders during the SECARB Environmental History 
research activities to be conducted during October and November 2004 via telephone.) 
 
Hello, my name is __________ and I am conducting this interview on behalf of the 
Southern States Energy Board-led Southeast Regional Carbon Sequestration 
Partnership, known as SECARB. 
 
Thank you once again for participating in this research effort. As you may be aware, the 
Southern States Energy Board is the managing entity for SECARB, which is a U.S. 
Department of Energy-funded and industry-supported effort to study the potential for 
capture, storage and sequestration of carbon dioxide in the Southeast. This project 
seeks to research common sense solutions to greenhouse gas emissions reduction and 
climate change issues.  
 
An important part of this project is public outreach. Therefore, it is important for us to 
understand the environmental lay-of-the-land, so to speak, in your state. Efforts to 
capture, store and sequester carbon dioxide gas may be new to the Southeast and to 
your state, but the techniques and topics are similar to energy and environmental issues 
for which your state may be familiar. 
  
With this discussion, we hope to learn the unique energy generation and environmental 
protection circumstance in your state, and to analyze how these circumstances may 
relate to our research into carbon sequestration. Once again, thank you for your 
participation. I’ll now begin with my set of questions. 
 
Questions 
 

1. Please provide me with a brief overview of your office’s responsibilities. 
2. How would you characterize your state’s efforts to balance energy production 

with environmental protection and economic growth? Is there room for 
improvement? Are there specific examples of successes? 

3. How does industry view your state’s permitting process for energy projects, such 
as natural resources extraction projects, energy generation projects, etc.? That 
is, does industry view the process as fair or overly burdensome? 

4. How do citizen and environmental groups view the permitting process? 
5. Generally, how are current natural resource extraction and energy generation 

projects viewed within your state by the general public and by citizen and 
environmental groups? Are there past or on-going environmental protection 
issues with these projects that have generated negative feelings on the part of 
the general public and/or citizen and environmental groups? Are there any 
noteworthy examples? 

6. Generally, how are new natural resource extraction and energy generation 
projects viewed by the general public and by citizen and environmental groups? 

7. In the above cases where there have been or are negative reactions, is the 
opposition locally based (i.e., from local NIMBY factions) or state based (i.e., 
from active statewide or regional environmental groups)? 

8. What are the biggest hurdles to energy generation in your state? 
9. What are the biggest hurdles to environmental protection in your state? 
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10. Specifically, how is coal-fired power generation viewed within your state by the 
general public and by citizen and environmental groups? 

11. Specifically, how is carbon dioxide injection for enhanced oil and gas recovery 
viewed within your state by the general public and by citizen and environmental 
groups? 

12. Specifically, how important are climate change issues within your state? 
13. How receptive is the general public and citizen and environmental groups to new 

energy and environmental research initiatives involving fossil fuels? 
14. What is the most contentious energy generation or environmental protection 

issue in your state right now? 
15. What is the most contentious issue in your state right now, outside of energy 

generation or environmental protection? 
16. Thank you very much for your time. Your responses will help the SSEB to move 

forward on its research efforts. Please don’t hesitate to contact me with any 
further questions or follow-up thoughts. 
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ABSTRACT 
The purpose of this report is to review the current state of CO2 capture technologies in order to 
provide input into the design of a CO2 capture and storage test facility.  First, an overview of the 
three major approaches to CO2 capture is provided, noting that only one of these options, post-
combustion capture, is compatible with the design criteria for the test facility.  Second, current 
research efforts for post-combustion capture are reviewed, giving examples of technologies that 
may be appropriate for the test facility.  Third, data on existing test facilities worldwide is 
summarized, in order to learn from previous experience.  Lastly, the latest set of peer-reviewed 
papers on CO2 capture technology from the Seventh International Conference on Greenhouse 
Gas Control Technologies, GHGT-7 are presented to help update the information in the report. 
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1 INTRODUCTION 
The purpose of this report is to review the current state of CO2 capture technologies in order to 
provide input into the design of a CO2 capture and storage test facility.  In this report, we: 

• Provide an overview to the three major approaches to CO2 capture, noting that only one 
of these options, post-combustion capture, is compatible with the design criteria for the 
test facility. 

• Review current research efforts for post-combustion capture, giving examples of 
technologies that may be appropriate for the test facility. 

• Collect data on existing test facilities worldwide, in order to learn from previous 
experience. 

• Present the latest set of peer-reviewed papers on CO2 capture technology from the 
Seventh International Conference on Greenhouse Gas Control Technologies, GHGT-7 
(Appendix B). 

2 CAPTURE STRATEGIES 
Capture1 strategies can be classified into three groups:  

• Post-combustion capture operates on the flue gas of a power plant. 

• Capture via oxy-fuel combustion removes the nitrogen from air before combustion, 
greatly simplifying the capture process. 

• Pre-combustion capture creates a synthesis gas, from which CO2 is removed prior to 
combustion. 

Of these approaches, only post-combustion capture is compatible with the test facility design 
under consideration in this project.  This is because post-combustion capture operates on the flue 
gas of a power plant.  Therefore, the test facility can easily be fed by a slip stream from the 
existing power plant exhaust.  The other approaches are impractical for the type of test facility 
envisioned here.  For example, pre-combustion capture from coal requires a coal gasification 
power plant.  Nonetheless, pre-combustion capture and capture via oxy-fuel combustion are 
discussed in this report because they could be used in future test facilities.   

                                                      
1 By capture, we mean producing a relatively pure stream of CO2 (at least 90% pure, but over 99% pure in most 
cases) at elevated pressures (above 1000 psia).  Therefore, the capture process will usually consist of both separation 
and compression units. 
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2.1  Post-combustion Capture Processes 
Post-combustion capture processes have the advantage of being able to simply add on the back 
end of the power plant to capture CO2 from the flue gas (see Figure 1).  This is an advantage 
because of the ability to retrofit to the existing fleet of power plants (assuming the physical space 
is available at the plant site), almost all of which produce an atmospheric flue gas.  
Unfortunately, the cost associated with post-combustion capture processes today are quite large 
(increasing the busbar cost of electricity 50-100%), due primarily to their large parasitic energy 
requirements. 

 

Figure 1:  Post-combustion CO2 capture schematic. 

 
Recovery of CO2 from flue gas is significantly different from other gas treating applications and 
therefore requires its own specialized process design.  Potential processes must work for low 
CO2 partial pressures and be able to tolerate oxygen and NOx.  The flue gases from coal-fired 
power plant boilers also contain SOx, soot, and fly ash, which the process must be able to handle 
(or must be removed prior to the CO2 capture process).  Relevant design issues are (Chapel et al., 
1999): 

• Low CO2 partial pressure 

• Regeneration energy  

• Presence of oxygen, SOx, NOx, fly ash and soot 

• High flue gas temperatures 

The standard method used today for post-combustion capture is chemical absorption using 
monoethanolamine (MEA).  About a dozen plants worldwide use this process on a slipstream 
from fossil fuel-fired plants.  Long-time commercial vendors are Fluor Daniel and Lummus.  
Two relatively new vendors are MHI (Japan) and Kvaerner (Norway).  Amine technology is the 
only real commercial option available.  Alternative technologies have been proposed, but they 
have not progressed beyond laboratory or pilot scale.  A detailed description of the MEA process 
is contained in Appendix A. 

 
The Fluor Daniel technology was originally developed by Dow.  It has been applied only to gas-
fired power plants.  The Lummus technology was originally developed by Kerr-McGee and has 
been applied primarily to coal plants.  The MHI technology is an offshoot of the Fluor Daniel 
design and has only been applied to gas plants.  However, MHI claims their technology can also 
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be applied to coal plants and are currently engaged in pilot plant tests.  Kvaerner does not have 
their own solvent, but markets a process based on membrane contactors using amines to replace 
the traditional absorber and stripper in the amine process.  This leads to more compact processes 
(good for offshore), but not necessarily any cost savings due to the costs of the membrane. 

The fact that flue gas is released at atmospheric pressure severely handicaps many processes that 
rely on pressure driving forces.  For example, in physical solvent processes, such as Selexol, CO2 
recovery is proportional to the partial pressure of the CO2 in the feed gas.  Other processes 
requiring pressure driving forces are molecular sieves, membranes, and cryogenic separation.  
Compression costs to put the flue gas into the operational range of these processes are 
prohibitive.  Figure 2 shows the high energy penalty of compressing flue gas.  Even compressing 
to only 75 psia requires over 20% of the total energy produced in the power plant.  For this 
reason, physical absorption, pressure-swing adsorption, membranes, and cryogenic separation 
are not currently viable candidates for post-combustion capture.  

One GHGT-7 peer-reviewed paper (Kazama et al.) explored using membranes for separation.  It 
should be noted that Kazama et al. created a pressure driving force across the membrane by 
using a vacuum pump on the permeate side, as opposed to compressing the flue gas on the feed 
side.  For removing CO2 from flue gas, their results showed it was more costly and energy 
intensive than the amine process, supporting our above assessment regarding membranes (see 
Appendix B). 
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Figure 2:  Energy required to compress flue gas from a coal-fired power plant (as a percentage of the power 
plant net output). 
 
 
In section 3, opportunities are discussed for improving the existing post-combustion processes 
and developing new post-combustion processes. 
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2.2 Pre-combustion Capture Processes 
Capturing CO2 before combustion offers the advantage that the CO2 is not yet diluted by the 
combustion air.  In addition, in many cases the CO2 containing stream is at elevated pressure.  
Higher CO2 concentrations and higher total pressure combine to produce much higher CO2 
partial pressures, which allows more efficient separation methods to be used, e.g. pressure-swing 
absorption using physical solvents, such as methanol or polyethylene glycol (commercially 
known as Rectisol and Selexol).   

Pre-combustion capture is usually applied in coal gasification combined cycle (IGCC) power 
plants (see Figure 3).  Major process steps include: 

• gasifying the coal to produce a synthesis gas composed of CO and H2 

• reacting the CO with water (water-gas shift reaction) to produce CO2 and H2 

• capturing the CO2 

• sending the H2 to a turbine to produce electricity 

Since the primary fuel sent to the gas turbine is now hydrogen, some can be bled off as a fuel for 
separate use, such as in hydrogen fuel cells to be used in transportation vehicles.   

 

Figure 3:  Pre-combustion CO2 capture schematic. 

The pre-combustion process could be utilized when natural gas is the primary fuel.  Here, a 
synthesis gas is formed by reacting natural gas with steam (termed steam reforming) to produce 
CO and H2.  However, for natural gas, it has not yet been shown that pre-combustion capture 
processes are preferable to the standard post-combustion capture processes. 

While pre-combustion capture technologies are acknowledged as less energy intensive (and less 
costly) than corresponding post-combustion capture technologies for coal plants, they are not 
compatible with the standard pulverized coal (PC) power plant.  Rather, they have been designed 
for IGCC power plants, which have not yet been embraced by the power industry.  For example, 
dozens of gasification facilities exist today to generate chemical feedstocks such as hydrogen, 
but only a handful of gasification facilities have been built primarily for power production.  
Barriers that must be overcome for wider deployment of IGCC in the power industry include 
issues of cost (IGCCs are more expensive than PCs) and reliability.  

There are research efforts looking at ways to improve the pre-combustion capture processes.  
One such effort involves doing a simultaneous shift and separation using a membrane reactor 
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(Lowe et al., 2004).  This approach has the advantage of driving the equilibrium-limited shift 
reaction to completion by removing the H2 as it is produced.  Another advantage is the resulting 
captured CO2 is at high pressure, reducing compression costs.  However, the hydrogen is now at 
low pressures, which is better suited for conversion in a fuel cell rather than a gas turbine.  
Appendix B describes two papers from GHGT-7 (Mundschau et al. and Hufton et al.) that are 
variations of the simultaneous shift and separation approach. 

2.3 Oxy-fuel Combustion Capture Processes 
The fraction of CO2 in the flue gases of fossil fuel-fired power plants ranges from 3-15%, 
depending on the carbon content of the fuel and the amount of excess air necessary for the 
combustion process.  As discussed in Section 2.1, the separation of CO2 from the rest of the flue 
gases (mostly N2) by chemical or physical means is capital and energy intensive.  To avoid this 
problem, it has been suggested to combust the fossil fuel in pure or enriched oxygen.  The 
resulting flue gas will consist mostly of CO2 and H2O, which are easily separated.  For this 
option, part of the flue gas needs to be recycled into the combustion chamber in order to control 
the flame temperature.  From the non-recycled flue gas, water vapor can be readily condensed 
and separated, and the CO2 can be compressed and piped directly to the storage site.  A 
schematic of this process is shown in Figure 4.  

 

 

Figure 4:  Capture schematic for the oxy-fuel combustion capture process. 

In the oxy-fuel combustion approach, the major cost is for air separation.  The air separation unit 
(ASU) may consume about 15% of a power plant’s electric output.  In the ASU, air is separated 
into oxygen, nitrogen, argon and other minor ingredients of air.  The latter are saleable 
byproducts of the oxyfuel plant.  Pilot scale studies indicate that the oxyfuel method of capturing 
CO2 can be retrofitted to existing pulverized coal (PC) plants.  Although this may be an option 
for a commercial sized plant, it is not practical for a test facility because the highly integrated 
nature of this process makes it relatively expensive to retrofit at the pilot plant scale.       

Research efforts in the oxy-fuel combustion area are focused on integrating the air separation 
process into the power cycle, thereby reducing the cost of air separation.  In Appendix B, Jordal 
et al. review the engineering challenges posed by oxy-combustion processes.  Three alternative 
processes under active consideration are chemical looping, solid oxide fuel cells, and Advanced 
Zero Emissions Power Plant (AZEP) using air separation membranes.   

In chemical-looping combustion, fuel reacts with a metal oxide in a fluidized bed reactor.  The 
exhaust is primarily water and CO2, so the CO2 is easily separated for storage.  The reduced 
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metal is fed to an entrained bed reactor, where reacting with the oxygen in air regenerates it.  
Since the removal of oxygen from the air is integral to the process, the proponents claim no 
energy penalty is associated with the air separation.  While an interesting concept, the research is 
still at the laboratory stage and therefore, has a long way to go to become a commercial process 
(Ishida and Jin, 1997).  However, chemical looping has generated much interest as seen by three 
peer-reviewed papers from GHGT-7, Adanez et al., Lyngfelt et al., and Ryden and Lyngfelt (see 
Appendix B). 

A solid oxide fuel cells has two features ideally suited to CO2 separation and capture: (1) it can 
internally reform the natural gas feed to produce the CO and H2 that is required at the anode and 
(2) it transports oxygen ions through the electrolyte, essentially performing air separation.  This 
process produces a relatively pure CO2 effluent, but without the extra cost of air separation.  
Research is being conducted on this process at ECN in the Netherlands (Dijkstra and Jansen, 
2004).  One peer-reviewed paper on this topic was presented at GHGT-7, Maurstad et al. (see 
Appendix B). 

The AZEP concept uses a mixed conducting membrane (MCM) integrated with a gas turbine.  
The MCM acts as the air separation plant, separating oxygen from the air for the combustion 
chamber.  Heat of combustion is transferred through heat exchangers to the oxygen-depleted air, 
which is fed through the gas turbine.  The cooled combustion effluent, containing primarily CO2 
and water, is easily processed to provide a high concentration CO2 stream.  More on this concept 
is found in Appendix B (Sundkvist et al.).   
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3 IMPROVED SEPARATIONS (POST-COMBUSTION) 
This section describes post-combustion separation technologies which are not as well established 
as MEA separation but which could be considered for the test facility.  Ideally the test plant will 
be very flexible and multiple technologies could be tested on the diverted effluent stream. 

3.1 Absorption 
Since the amine process is the industry standard today, it is an obvious target for research.  By 
modifying the process to fit the specific needs of CO2 capture and sequestration from a power 
plant, one could improve the amine process by about 20-25% in the short-term.  Some research is 
looking at improved packing for the amine absorber, but this will only improve the process by a 
couple of percent at best.  Improved solvents have a potentially bigger impact, with hindered 
amines providing one of the best opportunities.  Another option is to development novel 
contacting equipment to improve mass transfer and avoid some of the problems associated with 
vapor/liquid contacting. 

Hindered amines are used as a replacement for MEA in flue gas applications.  Kansai Electric 
Power Company (KEPCO) and Mitsubishi Heavy Industries have been developing a proprietary 
hindered amine called KS-1, which has a lower circulation rate, lower regeneration temperature, 
10-15% lower heat reaction with CO2 and is non-corrosive to carbon steel.  The first commercial 
plant using KS-1 is now in operation in Malayasia (Mimura et al., 2000).     

Another option is to use membrane contactors to replace the absorber and stripper columns in the 
amine process.  They are used to increase the mass transfer area within a given volume and to 
avoid some of the problems associated with vapor/liquid contacting.  The membrane itself does 
not perform the separation, that job is still done by the amine.  Kvaerner Engineering (Norway) 
developed the equipment and process.  One of the driving forces was to make it compact enough 
to use offshore.  A key to the development of the contactor was identifying a membrane that 
would work in this harsh environment.  The only type of membrane that worked was 
Polytetrafluoroethylene (PTFE), the same membrane used in Gore-Tex.  Advantages of the 
process include: 70-75% weight reduction and 65% space reduction for the absorber and stripper, 
reduced stripper reboiler duty, and reduced solvent loss.  It also will be able to easily accept a 
wide range of new solvents.  Numbers are unavailable for exact energy and cost savings.  Some 
of the cost savings from reducing equipment sizes will be offset by the cost of the membrane.  
The membrane contactor is now commercially available (Herzog and Falk-Pedersen, 2000). 

At GHGT-7, there were four peer-reviewed papers (see Appendix B) dealing with improving the 
absorption processes.  One paper (Ma’mun et al.) described research on evaluating new solvents 
on CO2 capture.  There others (Wilson et al., Gibbins et al., and Roberts et al.) dealt with 
optimization of the existing chemical absorption process.  Wilson et al. is particularly interesting, 
in that their results are based on work done at their pilot plant (see section 4).  The study 
highlighted in the paper describes how to reduce the energy requirements for solvent 
regeneration by optimizing the amine concentration and the rich/lean loadings.   
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3.2 Adsorption  
An innovation in adsorption technology is combining lithium silicate adsorbent with a rotary 
heat exchanger (“wheel”) (Marion et al., 2004).  This system adsorbs CO2 when at a temperature 
between 450 and 700 degrees C and releases it at higher temperatures.  Lithium silicate is 
capable of capturing 500 times its own volume of CO2 and is combined with the rotary heat 
exchanger to allow for continuous operation.  Other lithium-containing oxides have been 
investigated, most notably lithium zirconate.  A study by Kato et al. (2003) showed, however, 
that lithium orthosilicate (Li4SiO4) absorbed CO2 30 times faster than lithium zirconate at 500 
degrees C in 20% CO2 gases. 

A novel adsorbent has also been developed at Oak Ridge national Laboratory named a “carbon 
fiber composite molecular sieve” (CFCMS).  An adsorbed gas may be quickly and efficiently 
desorbed by the passage of an electric current, thereby allowing for a low-energy, electrical-
swing separation system (Judkins and Burchell, 2001).  Whether this adsorbent can provide the 
basis of a new CO2 capture process remains to be seen. 

3.3 Other processes 
The above list of possible new or improved post-combustion capture processes is not exhaustive.  
It is only meant to give some examples of on-going research.  In the future, technology could 
produce whole new classes of separation processes.  For example, separation processes could be 
developed using stimulus-responsive separation aids that rely on small changes in process 
operations to effect large changes in capacity using structured fluids (tailored separation aids that 
self-assemble reversibly to accommodate and release desired solutes).  One example of a 
structured fluid is liquid crystals.  It may be possible to use an electric current as a stimulus-
response aid to make the liquid crystals adsorb or desorb CO2, providing the basis of a low 
energy intensive post-combustion capture process. 
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4 EXISTING TEST FACILITIES 
In order to learn from previous experiences, we developed a questionnaire to obtain data on some 
of the major test facilities built to date.  We sent surveys to the following four groups: 

• The results of the survey are shown in Table 1.  The four facilities fall into NETL, 
Pittsburgh, Pa.  A modular, flexible test facility (under development) of 53 kWe. 

• Kansai Electric Power Company’s Nanko Pilot Plant (Japan).  Slipstream from a natural 
gas power plant on scale of about 300 kWe. 

• University of Regina’s Boundary Dam Pilot Plant (Saskatchewan, Canada).  Slipstream 
from a lignite coal plant on scale of about 200 kWe. 

• Kvaerner’s Kårstø Pilot Plant (Norway).  Fueled by a 520 kW gas engine. 

3 distinct classes:  modular/flexible pilot, gas power plant pilot, and a coal power plant pilot.  All 
are at least an order of magnitude smaller than the project under consideration in this report. 
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Table 1.  Characteristics of Carbon Capture Test Facilities 
Plant NETL - Modular CO2 

Capture Facility 
Nanko Flue Gas 
Recovery Pilot Plant 

Boundary Dam Pilot Kværner Exhaust Gas 
Treatment Pilot Plant 

General characteristics 
Location Pittsburgh, PA Japan Saskatchewan, Canada Kårstø, Norway 
Contact person Henry Pennline Yasuyuki Yagi Malcolm Wilson Olav Falk-Pedersen 
Contact phone 412-386-6013 81-774-93-2893 306-337-2287 47-905-96-054 
Contact email henry.pennline 

@netl.doe.gov 
k427119@kepco.co.jp malcolm.wilson 

@uregina.ca 
Olav.Falk-Pedersen 
@akerkvaerner.com 

Pilot plant description 
Year built 2003 1991 1987/refurbished 2000 1997 
Footprint (m2) 288  10 m x 35 m (multiple 

skids) 
8 m x 15 m 

Key design criteria To construct modular, 
flexible CO2 capture 
facility 

Chemical absorption Amine capture 
technology 

Amine capture 
technology 

Principle objectives Investigate at PDU-scale 
novel capture and 
separation technologies 

Research and 
development 

Demonstrate amine 
capture technology, test 
operating conditions 

Testing of solvents and 
the membrane contactor 

Initial capital ($) Not available about 100 million yen $5 million Canadian $3 million 
Operating cost ($) Not available  $200-300K Canadian/yr $300,000/yr 
Source of pilot plant 
feed 

Dedicated coal-fired 
combustor (53KWe) 

Slipstream from 600 MW 
NG power plant 

Slipstream from 300 MW 
PC power plant 

530 kW gas engine 

Fuel source Coal, natural gas, 
combination 

LNG Lignite Natural gas 

Flue gas fee characteristics 
Flow rate (m3/s) 0.15 0.15-0.30 0.18 0.7 (2500 Nm3/h) 
CO2 concentration 1-16% volume 9% 13-15% 6% 
Temperature (C)  Ambient to 850°C 50-ambient 150 35-60 
Pressure (atm) Ambient 1 1.2 1 
Pre-treatment applied? Not available DeNOx baghouse and Anderson 

2000 capture unit 
Filter for particulate 
control 
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Pilot plant operations 
Temperature (C)      

-maximum 850  120 60 
-minimum ambient  40 30 

Pressure (atm)     
-maximum ambient  2 1 
-minimum sub  1 1 

Pre-treatments available Not available DeNOx baghouse/SO2 quench 
Capture technologies 
included 

Adsorption, absorption, 
membrane, etc. 

Chemical absorption Amines Option for conventional 
absorber/desorber or 
membrane 
absorber/desorber 
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5 SUMMARY 
In this report we reviewed the possibilities of CO2 capture at fossil fuel-fired power plants.  In 
building a test facility at an existing power plant, we concluded that only post-combustion 
capture processes should be considered in order to avoid the extensive modifications and costs 
required for integrating pre-combustion capture or oxy-fuel combustion capture into the power 
plant.  The only viable commercial process for post-combustion capture today is the MEA 
process, which is very energy intensive.  It also requires a “clean” flue gas (i.e., removal of 
particulates and SO2).  There are quite a few research efforts underway to improve the MEA 
process.  Also, researchers are working alternatives to the MEA process.  Finally, other test 
facilities do exist in the world, but they are on the scale of 100s of kW, about an order of 
magnitude smaller than what is envisioned in this project. 
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Appendix A.  Description of Amine Process for CO2 Capture   
 
A flowsheet of the monoethanolamine (MEA) process is shown in Figure 5.  The simplified chemistry for this 
process is: 
 

C2H4OHNH2  + H2O  + CO2  ↔ C2H4OHNH3
+   +  HCO3

-   (1) 
 

Lower temperatures favor the forward reaction, while elevated temperatures favor the reverse reaction.   
  
In the process, the flue gas is contacted with MEA in a packed absorber column, where the MEA preferentially 
removes the CO2 from the flue gas (forward reaction of Equation 1).  The column operates at close to atmospheric 
pressure to avoid high compression costs, but some compression is required to overcome pressure drops in the 
system (typically 2-3 psi).  Operating temperatures are normally 40-65oC.  This implies that the flue gas must be 
quenched before entering the column and that the vent gas may need to be reheated (to have the required buoyancy) 
before being exhausted to the atmosphere.  The CO2-rich MEA is then heated and sent to the regeneration column. 
 
The regeneration column operates at 100-120oC to strip the CO2 from the MEA solution (backward reaction of 
Equation 1).  The regenerator reboiler duty is the largest user of energy in the process.  Heat must be supplied to 
heat the CO2-rich amine, vaporize water to provide stripping steam, and overcome the heat of reaction of Equation 
1.  This steam can be provided by a stand-alone boiler or, more efficiently, from extraction steam from the turbine.  
The column overhead product contains the captured CO2, which is ready for compression, dehydration, and 
transport.  
 
Key operational concerns are corrosion, foaming, and solvent degradation.  Corrosion is 
controlled through inhibitors added to the MEA solution.  Foaming can be controlled through 
solution filtration.  Solvent degradation can be caused by impurities in the feed, such as SO2 and 
NOx.  An MEA recovery unit (reclaimer) is sometimes required to regenerate some of the 
degraded amine. 
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Figure 5:  Monoethanolamine (MEA) separation process flowsheet. 
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Appendix B.  Peer-reviewed CO2 Capture Papers from GHGT-7 
 
The premier international conference on CO2 capture and storage is the International Conference on Greenhouse Gas 
Control Technologies (GHGT).  Held every two years, GHGT-7 took place in Vancouver in September, 2004.  A 
subset of the papers submitted to the conference underwent peer review.  This Appendix summarizes the papers on 
CO2 capture that passed the peer review process.  These papers are representative of the critical topics in CO2 
capture being addressed by the international community.  Information about each paper includes title, authors, lead 
organization, abstract, and the web address of the full paper. 
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Post-combustion Capture Processes 
 
http://uregina.ca/ghgt7/PDF/papers/peer/047.pdf 
 

Selection of New Absorbents for Carbon Dioxide Capture 
 
Sholeh Ma’mun, Hallvard F. Svendsen, Karl Anders Hoff & Olav Juliussen 
Norwegian University of Science and Technology (NTNU) 
 
This work focuses on selecting new absorbents for CO2 capture.  Absorption of CO2 was studied at 40°C using 
both amine- and non-amine-based absorbents.  The experimental results show that most absorbents tested have 
a poorer performance than MEA, but that aqueous AEEA might be a possible contender.  In addition to the 
absorption measurements, the VLE of CO2 in the selected absorbent, the aqueous 2.9M AEEA, were studied at 
40 and 120°C.  The equilibrium partial pressures of CO2 in the aqueous 2.9M AEEA at the temperature of the 
removal (40°C) and that of regeneration (120°C) are lower than for aqueous 5.0M MEA, but the maximum net 
cyclic capacity is somewhat higher. 
 

 
http://uregina.ca/ghgt7/PDF/papers/peer/365.pdf 
 

Evaluation of the CO2 Capture Performance of the University of Regina CO2 Technology Development 
Plant and the Boundary Dam CO2 Demonstration Plant 
 
Malcolm Wilson, Paitoon Tontiwachwuthikul, Amit Chakma, Raphael Idem, Amornvadee Veawab, 
Adisorn Aroonwilas, Don Gelowitz, Robert Stobbs 
International Test Centre for CO2 Capture (ITC), Faculty of Engineering University of Regina 
 
This paper reviews the CO2 capture performance from recent test results obtained from two major testing 
facilities of the International Test Centre for CO2 Capture (ITC) – the Boundary Dam demonstration plant and 
the University of Regina (UR) technology development pilot plant.  The performance is mainly presented in 
terms of CO2 capture efficiency, mass-transfer performance, and minimization of heat duty for solvent 
regeneration.  The effects of reboiler heat duty on capture efficiency and operating parameters such as rich- and 
lean-CO2 loadings are also evaluated.  Also, the energy efficiency improvement for the MEA scrubbing 
technology resulting from using alternative operating conditions is discussed.  In addition, operational 
challenges such as solvent stability are presented and discussed in this paper as a function of both the operating 
conditions and cost effective operating strategy.  Furthermore, a comparison is made of all the results obtained 
from the UR technology development pilot plant with those obtained from the Boundary Dam demonstration 
plant. 
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http://uregina.ca/ghgt7/PDF/papers/peer/412.pdf 
 

Maximizing the Effectiveness of Post Combustion CO2 Capture Systems 
 
J.R. Gibbins, R.I. Crane, D. Lambropoulos, C. Booth, C.A. Roberts and M. Lord  
Energy Technology for Sustainable Development Group, Imperial College, UK 
 
Six rules are proposed that should be followed to achieve optimal post combustion CO2 capture system 
performance in power plant applications.  Although the rules appear uncontroversial, many previous studies 
have not followed them all.  This should be taken into consideration when making an assessment of the likely 
current performance for power plants with post combustion capture.  The rules are discussed and examples 
given of the benefits that may accrue from following them.  The paper concludes with a discussion of the 
implications for future post combustion capture applications and suggestions for areas where additional work is 
required. 

 
 
http://uregina.ca/ghgt7/PDF/papers/peer/510.pdf 
 

Potential for Improvement in Power Generation with Post-Combustion Capture of CO2 
 
C A Roberts, J Gibbins, R Panesar, & G Kelsall 
Fluor Ltd, Camberley, Surrey UK 
 
As part of a sponsored study for the IEA Greenhouse Gas R&D programme, (IEA GHG) the authors made 
studies of capturing carbon dioxide from flue gas using amine scrubbing and carbon dioxide compression.  The 
integration of the capture and compression plants into modern, commercially available natural gas and ultra 
supercritical PF fired power plants was also studied.  This paper presents costs of power production 
incorporating these technologies and includes a comparison of two commercial amine scrubbing technologies.  
These technologies are under constant development and rapid progress is being made by the technology owners 
in reducing the energy consumption of the amine recovery steps by means of novel flow-sheeting and thermal 
integration concepts.  These are described.  An analysis has been made of the best way to integrate amine 
scrubbing of flue gas into power plant cycles for natural gas and coal fired plants with the aim of reducing the 
parasitic energy loss in the power cycle to the lowest level possible.  A brief discussion on technology stretch is 
presented which suggests ways in which these technologies may develop from now until 2020, with some 
estimates of likely production costs.  
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http://uregina.ca/ghgt7/PDF/papers/peer/259.pdf 
 

Cardo Polymide Membranes for CO2 Capture from Flue Gases 
 
Shingo Kazama, Shinichirou Morimoto, Shigetoshi Tanaka, Hiroshi Mano, Tatsuaki Yashima, Koichi 
Yamada and Kenji Haraya 
Research Institute of Innovative Technology for the Earth, Kyoto, Japan 
 
Cardo polyimide hollow fiber membranes were developed as an alternative to existing commercial amine 
absorption for CO2 capture from flue gases.  To investigate the relationship between chemical structures and 
CO2 separation properties, various cardo polyimides were synthesized to measure CO2 separation properties, 
and some chemical structure was found to give remarkable properties both in CO2 permeation and selectivity.  
An asymmetric hollow fiber membrane of a bromated cardo polyimide showed excellent CO2 separation 
properties; CO2 permeation rate: 1x 10-3 cm3(STP) /(cm2 sec cmHg) (= 7.5x 10-9 Nm3 /(m2 sec Pa)) and CO2/N2 
selectivity: 40.  The permeation rate in an order of 10-3 cm3(STP) /(cm2 sec cmHg) would be the first 
accomplishment in polymeric membranes.  
 
An economic analysis was carried out for CO2 separation using the hollow fiber membrane followed by a 
liquefaction process.  The total cost of CO2 separation and liquefaction from an exhausted gas were estimated at 
4,900 JPY/t-CO2 for a flue gas from steel works (CO2 concentration: 26.8%) and 7,300 JPY/t-CO2, for a flue 
gas from a coal fired power station (CO2 concentration: 13.2%).  The total cost of CO2 separation and 
liquefaction strongly depends on the CO2 concentration of source gases.  The equivalent cost of an amine 
absorption was 5,300 JPY/t-CO2 for steel works.  In the CO2 concentration around 25% or more, membrane 
separation has an advantage in the CO2 separation and liquefaction cost.  
 
Energy required in CO2 separation and liquefaction was 0.28 kWh/kg-CO2 for steel works.  In the cost 
breakdown of CO2 separation with membrane, the electricity consumption of the vacuum pump, which induce a 
pressure difference between a feed side and a permeate side of a membrane, contributed 50% or more of the 
total cost.  For further cost reduction, an application of membrane system to pressurized gas streams similar to 
CO2 removal from natural gas might be a promising way of reducing the cost of CO2 separation. 
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Pre-combustion Capture Processes 
 
http://uregina.ca/ghgt7/PDF/papers/peer/448.pdf 
 

CO2 Capture in Coal-Based IGCC Power Plants 
 
J. Davison, L. Bressan, R. Domenichini 
IEA Greenhouse Gas R&D Programme 
 
One of the most promising technologies for capture of CO2 from power generation plants based on fossil fuels 
is Integrated Gasification Combined Cycle (IGCC).  This paper summarises the results of a study carried out by 
Foster Wheeler for the IEA Greenhouse Gas R&D Programme (IEA GHG).  The study assesses the 
performance and costs of coal based IGCC with and without CO2 capture, based on current technology, and the 
potential for improvements between now and 2020.  The sensitivities to a variety of potentially significant 
parameters are assessed, to determine the way forward for IGCC with CO2 capture, including the type of 
gasifier, the gasifier operating pressure, the type of CO-shift converter and co-separation of H2S and CO2. 

 
 
 
http://uregina.ca/ghgt7/PDF/papers/peer/387.pdf 
 

Dense Membranes for Separation of H2 from CO2 in High-Pressure Water-Gas Shift Reactors 
 
Michael V. Mundschau, Xiaobing Xie, and Anthony F. Sammells  
Eltron Research Inc., Boulder, Colorado 
 
Studies were performed to determine the feasibility of using various dense hydrogen transport membranes for 
economical separation of hydrogen from CO2 in high-pressure water-gas shift reactors.  As an alternative to 
burning fuels directly in air, all carbonaceous materials, in principle, can be steam reformed into a mixture of H2 
+ CO.  The CO can be further reacted with steam in water-gas shift reactors operating above 30 bar and 340-
440ΕC to form CO2 and additional H2.  If membranes were commercially available to separate CO2 from H2 in 
water-gas shift reactors, the hydrogen could be utilized as a clean fuel, and the CO2, remaining at high pressure 
and undiluted by nitrogen, would be in a very concentrated form desirable for economic sequestration.  Dense 
membranes have an advantage over porous membranes in that they possess essentially 100% selectivity for 
hydrogen.  
 
Proton conducting ceramic membranes, which typically operate best above 900°C, were eliminated from 
consideration assuming upper temperature limits of 440°C for commercial water-gas shift catalysts of 90 wt % 
Fe3O4/10 wt % Cr2O3.  Considered next were micron thin layers of palladium supported on porous materials.  It 
was concluded that ceramics such as alumina, silica and titania, had relatively poor match of thermal expansion 
coefficient and poor epitaxial match at the atomic level.  These mismatches can lead to interfacial stress, 
creation of defects, and failure of the membranes.  To improve compatibility between palladium and its 
supports, a computer search of some 50,000 compounds was used to identify a dozen materials which had 
lattice matches and matches of thermal expansion coefficients within a few percent of those of palladium.  
Porous LaFe0.90Cr0.10O3-x and LaFeO3-x were the most successful supports for palladium, but it was concluded 
that hydrogen flux would most likely be limited by gas phase diffusion through the thick support layers for all 
porous supports, and that predicted advantages of micron thin palladium layers would be difficult to achieve.  
Next considered were cermets (ceramic-metals) made by sintering together powders of palladium, niobium or 
vanadium with powders of ceramics which were lattice matched and matched for coefficients of thermal 
expansion to within a few percent.  Although permeabilities characteristic of the metals were approached, 
economical methods of scale-up need yet to be achieved. 
 
Next tested were metals and alloys of Group IVB and VB elements (i.e. Nb, Ta, V, Zr).  These materials have 
long been used as hydrogen separation membranes in the nuclear industry and possess hydrogen permeabilities 
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10 to 100 times better than palladium in the desired temperature range of 340-440°C.  Preliminary 
investigations showed that some of these metals were susceptible to hydrogen embrittlement at water-gas shift 
reactor temperatures and desired partial pressures of hydrogen of up to 13.1 bar.  However, other Group IVB 
and VB metals and their alloys, when catalyzed appropriately, were capable of record hydrogen flux, at 
essentially 100% selectivity.  Free-standing, unsupported metal disks were found to resist a target differential 
pressure of 31 bar with a partial pressure of hydrogen in the feed of 13.1 bar, while yielding a hydrogen flux of 
280 mL min-1 cm-2 (STP) (2.1 mol m-1 s-1) at 440°C.  Under an ideal hydrogen/helium atmosphere at 34 bar 
partial pressure of hydrogen in the feed and 33 bar differential pressure, a record flux of 423 mL min-1 cm-2 
(STP) (3.0 mol m-1 s-1) at 440°C was achieved.  It was concluded that the all-metal membranes appear superior 
for separation of H2 from CO2 at high pressure. 

 
 
http://uregina.ca/ghgt7/PDF/papers/peer/489.pdf 
 

Development of a Process for CO2 Capture from Gas Turbines Using A Sorption Enhanced Water Gas 
Shift Reactor System 
 
Jeffrey R. Hufton, Rodney J. Allam, Robert Chiang, Peter Middleton, Edward L. Weist, and Vince 
White 
Air Products and Chemicals, Inc. 
 
The CO2 Capture Project (CCP), working with Air Products and Chemicals and with funding support of the US 
DOE, has undertaken development of a novel precombustion decarbonization technology referred to as the 
sorption enhanced water gas shift (SEWGS) process.  This technology is particularly attractive for de-
carbonizing gas turbine fuel, and hence provides opportunities for power generation with minimal CO2 
emissions, high power efficiency and potentially lower cost of capturing CO2 for storage. 
 
The SEWGS process catalytically converts syngas containing CO produced from a hydrocarbon fuel into H2 
and CO2, and removes the CO2 from the product hydrogen by adsorption.  The system operates as a multi-bed 
pressure swing adsorption unit, with each bed packed with a mixture of shift catalyst and a high temperature 
CO2 adsorbent.  Carbon in the feed gas in the form of CO and CO2 are removed from the product gas by the 
CO2 adsorbent, and, after specific PSA process steps, rejected as relatively high purity CO2 for recovery.  The 
product hydrogen produced during the feed step contains the excess steam from the reaction and any nitrogen 
from the syngas generation, and is at high temperature and feed pressure.  This hot fuel mixture can be burned 
in gas turbines with higher turbine efficiency than with natural gas firing.  Low NOX levels are achieved by 
mixing an inert diluent, such as steam or nitrogen, with the hydrogen to lower the flame temperature. 
 
During a two-year development program the key process performance and design issues were studied through a 
combination of experimental work, simulation and techno-economic evaluation.  The experimental program 
developed and characterized candidate adsorbents in a range of tests including thermogravimetric analysis 
(TGA) and the use of a cyclic process test unit.  Many potential CO2 adsorbent materials were screened prior to 
identification of the leading material, a promoted hydrotalcite, which showed the highest cyclic capacity for 
removal of CO2 under the conditions of interest.  Detailed parametric studies were conducted with this material 
to provide the sizing data for design of full-scale SEWGS units.  Proof-of-concept test runs were conducted in 
the process test unit with a model syngas feed containing CO, H2 and CO2 which was fed in breakthrough and 
cyclic modes to a single bed vessel containing a mixture of catalyst and hydrotalcite.  These tests demonstrated 
that the equilibrium limit for conventional reactors was overcome, a substantially de-carbonized hydrogen 
product was produced, and a carbon recovery of over 80% was achieved.  
 
Process designs were developed by Air Products for two CCP case studies, a 400 MW combined cycle case 
(described here) and capture from multiple gas turbine drives in an oil-field gas compression system.  Flow 
schemes were developed using an autothermal reformer (ATR) to produce syngas from the natural gas feed.  
Air blown and oxygen blown ATR schemes were prepared and overall power generation process performance 
was determined by ASPEN simulation.  Process equipment sizing calculations and SEWGS cost estimates were 
conducted and passed, along with utility requirements, to CCP-funded cost estimators.  The CCP common 
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economic model was used to determine costs of CO2 capture for the process in each case study and compared 
with the existing baseline technologies.  
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Oxy-fuel Combustion Capture Processes 
 
http://uregina.ca/ghgt7/PDF/papers/peer/145.pdf 
 

Oxy-Combustion Processes for CO2 Capture from Advanced Supercritical PF and NGCC Power Plant 
 
D J Dillon , R S Panesar, R A Wall, R J Allam, V White, J Gibbins & M R Haines 
Mitsui Babcock Energy Limited, Renfrew, UK 
 
The IEA Greenhouse Gas R&D Programme commissioned a study to confirm the projected costs for CO2 
capture using oxy-combustion technology as applied to new-build power generation plant.  The study covered 
the following greenfield power generation plant with CO2 capture: 

• Advanced Supercritical Bituminous Pulverised Fuel (PF)-Fired Power Plant 
• Natural Gas Combined Cycle (NGCC) Power Plant  

 
In compliance with the IEA GHG study specification, the target net power output of the power plant was aimed 
at 500 MWe.  To represent a reasonable baseline of oxy-combustion, the process evaluation was based on 
proven technology, where possible, with oxygen production based on cryogenic separation technology and the 
recycle system utilising either flue gas or CO2.  
 
Process flow diagrams (PFDs) were developed and heat and mass balances (HMBs) compiled to model the 
overall oxy-combustion process.  For the PF-fired power plant case, the recycle system took into consideration 
dust loading and milling plant requirements.  Consideration was also given to possible integration opportunities 
and heat and power utilisation to maximise plant efficiency.  Optimised plant performance parameters were 
used for cryogenic air separation with 95% v/v O2 purity to suit the required CO2 purity of 95% v/v with 
recognition of excess combustion oxygen and furnace/boiler tramp air ingress for the PF-fired power plant case.  
The PFDs/HMBs analysis produced data which allowed specifications for the major plant items to be 
developed; this in turn allowed budget capital costs for the major components to be assessed and operating 
philosophies to be investigated.  
 
The appropriate gas clean up technologies were identified to meet the target minimum CO2 purity of 95% mol 
@ 110 bara.  This included a review of available processes, and the impact of the processes on the resulting flue 
gas quality with reduced specific contaminants such as SO2 and O2.  Aspects of the oxy-combustion process 
which impact on the safety and operability of the power plant were also highlighted in the study.  
 
Finally an economic analysis was performed similar to that undertaken on IGCC power generation by the IEA 
GHG Programme to arrive at the power cost per kWh.  The basic cost elements being capital cost, operating 
cost and agreed economic parameters.  A sensitivity analysis was undertaken to compare the influence of 
discount rate and fuel costs on power costs. 
 

 
 
 
http://uregina.ca/ghgt7/PDF/papers/peer/259.pdf 
 

Oxyfuel Combustion for Coal-fired Power Generation with CO2 Capture – Opportunities and Challenges 
 
Kristin Jordal, Marie Anheden, Jinying Yan, Lars Strömberg 
Vattenfall Utveckling AB, Stockholm, Sweden 
 
Oxyfuel or O2/CO2 recycle combustion is a highly interesting option for lignite-based power generation with 
CO2 capture, due to the possibility to use advanced steam technology, reduce the boiler size and cost and to 
design a zero-emission power plant.  This technology, however, also poses engineering challenges in the areas 
of combustion and heat transfer, boiler design, boiler materials, energy-efficient oxygen production and flue gas 

DE-FC26-03NT41980

SECARB Deliverables Appendix Document
Volume I

Page 341 of 548



  

24 

processing.  The overall challenge is to design a robust plant that has a sufficiently low total cost of electricity 
so that it is interesting to build, but it must also have a sufficiently low variable cost of electricity so that it will 
be put in operation as a base load plant once it is built. 

 
 
http://uregina.ca/ghgt7/PDF/papers/peer/091.pdf 
 

Characterization of Oxygen Carriers for Chemical-Looping Combustion 
 
Juan Adanez, Francisco García-Labiano, Luis F. de Diego, Pilar Gayán, Javier Celaya, Alberto Abad 
Instituto de Carboquímica (CSIC), Department of Energy and Environment, Zaragoza, Spain 
 
Different oxygen carriers, based on copper, iron, manganese, and nickel and produced by three different 
preparation methods (mechanical mixing, impregnation, and freeze granulation), were tested during 100 
successive oxidation-reduction cycles in a thermogravimetric analyzer (TGA) and in a fluidized bed (FB).  The 
behavior of the different oxygen carriers with respect to selectivity towards complete oxidation products, 
durability in the cyclic reactions, and attrition and agglomeration during fluidized bed cyclic reactions were 
analyzed. 
 
In the multicycle tests in TGA, it was observed that most of the oxygen carriers exhibited high reactivity and 
excellent chemical stability but the Cu- and Ni-based oxygen carriers prepared by mechanical mixing 
underwent a rapid degradation of their mechanical properties as the number of cycles increased.  Based on the 
TGA results, five oxygen carriers were selected to be tested in a FB reactor: Cu-Si-M, Cu-Si-I, Fe-Al-M, Mn-
Zr-M, and NiCUT-FG.  In the FB tests, it was observed that Mn and Cu based carriers prepared by mechanical 
mixing (M) showed agglomeration, however, this problem was not observed with the Cu-based carriers 
prepared by impregnation (I).  The Ni- and the Fe-based oxygen carriers did not agglomerate. The attrition rates 
of the carriers were usually high in the first cycles due to the rounding effects on the particles and because of 
the fines sticked to the particles during preparation.  Later, the attrition rates due to the internal changes 
produced in the particles by the successive reduction and oxidation processes decreased, and all carriers showed 
low attrition rates.  The product distribution during the oxidation of the fuel depended on the metal oxide used 
in the oxygen carrier.  Complete conversion of CH4 to CO2 and H2O was obtained with the oxygen carrier Cu-
Al-I.  With the oxygen carrier Fe-Al-M the gas outlet composition was associated to the different reaction steps 
of the iron oxide.  Finally, with the oxygen carrier NiCUT-FG prepared by freeze granulation (FG), a 
combination of CO2, H2O, CO, and H2 was formed almost immediately after introduction of CH4 into the 
reactor and after a short reaction time the process was mainly selective towards the formation of H2 and CO. 

 
 
http://uregina.ca/ghgt7/PDF/papers/peer/132.pdf 
 

The Grace Project. Development of Oxygen Carrier Particles for Chemical-Looping Combusiton. Design 
and Operation of a 10 kW Chemical-Looping Combustor 
 
Lyngfelt, A., Kronberger, B., Adanez, J., Morin, J.-X., and Hurst, P.,  
Chalmers University of Technology, Göteborg, Sweden 
 
A comprehensive research programme was launched to develop chemical-looping combustion (CLC), a new 
technology of unmixed combustion with inherent capture of CO2, using metal oxide particles for the transfer of 
oxygen from the combustion air to the fuel.  
 
More than 240 different oxygen-carrier particles produced by extrusion were tested in the initial screening 
process.  Furthermore, more than 50 particles produced by freeze-granulation, and some particles produced by 
impregnation were also tested.  The particles included active oxides of nickel, iron, copper and manganese as 
well as several different support materials.  A limited number of particles were selected for comprehensive 
testing.  Fluidization conditions and recirculation flows were studied in cold-flow models indicating the 
feasibility of both the full-scale design and a small 10 kW prototype unit.  
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A 10 kW prototype for chemical-looping combustion was designed, built and run with nickel-based oxygen 
carrier particles.  The prototype uses two interconnected fluidized beds, a fuel reactor where the fuel is oxidized 
to CO2 and H2O by the oxygen-carrier particles, and an air reactor where oxygen is supplied to regenerate the 
particles.  The air reactor also serves as a riser, providing the circulation of particles between the two reactors.  
The gases in the two reactors are kept separate by two fluidized particle seals.  As far as known this is the first 
unit where this process has been in continuous operation.  Start-up, turn-down and operation of the process were 
found to be easy.  A total operation time of more than 100 h was reached with the same batch of particles, i.e. 
without adding fresh, unused material.  During night-time and during start-up of operation the system was kept 
at high temperature and in circulation with electrical preheating.  Thus, the actual time that the particles have 
been circulating in the system is close to 300 h.  
 
The fuel used was natural gas, and a fuel conversion efficiency of 99.5% was accomplished, which is very close 
to the thermodynamic equilibrium of the NiO/Ni system.  It should be pointed out that there is no such 
thermodynamic restraint for the other metal oxide systems studied.  There was no CO2 in the gas from the air 
reactor, indicating that a separation efficiency of 100% is possible.  Furthermore, there was no leakage in the 
opposite direction, i.e. from the air to the fuel reactor, indicating that pure CO2 can be obtained in the process, 
except for nickel oxide for which there is a thermodynamic limitation.  
 
Neither decrease in reactivity nor particle strength was seen during the test period.  The loss of fines was small 
and decreased steadily during the test period.  In the end of the period the loss of fines, i.e. particles smaller than 
45 µm, was 0.0023% per hour.  If this can be assumed to be a relevant measure of the steady-state attrition, it 
would correspond to a lifetime of the particles of 40 000 h.  Assuming a lifetime of 4 000 h, the estimated cost 
for particles will be low, in the order of 1 €/ton CO2 captured.  
 
A technical evaluation showed that the process uses technology very similar to circulating fluidized-bed 
combustion.  Thus, a chemical-looping boiler can be built with adaptation of well-known technology.  A 
preliminary costing has been performed for a 200 MWth chemical-looping combustion boiler for use at BP’s 
Grangemouth refinery, indicating that CLC should feature strongly among the best options for reducing the cost 
of CO2 capture. 

 
 
http://uregina.ca/ghgt7/PDF/papers/peer/258.pdf 
 

Hydrogen and Power Production with Integrated Carbon Dioxide Capture by Chemical-Looping 
Reforming 
 
Magnus Rydén, Anders Lyngfelt 
Department of Energy Conversion, Chalmers University of Technology, Göteborg, Sweden 
 
Chemical-looping combustion is a novel combustion technology that can be used for CO2 capture in power 
generating processes.  Two separate reactors, one for air and one for fuel, are used.  Oxygen is transferred 
between the two by means of an oxygen carrier.  Since fuel and combustion air never mix, the combustion 
products, mostly CO2 and H2O, are not diluted with N2.  Consequently, a condenser is sufficient to obtain 
almost pure CO2.  In this paper, the opportunity to utilize chemical-looping for H2 production, with CO2 
capture, is examined.  The focus is on the thermodynamics and layout of a chemical-looping reformer for 
natural gas, but system integration for cogeneration of electricity has also been considered.  It is found that the 
proposed reformer systems are very interesting and that their expected performances in several cases are 
considerably better than for the reference system - a steam reformer with CO2 capture by amine scrubbing. 
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http://uregina.ca/ghgt7/PDF/papers/peer/577.pdf 
 

SOFC and Gas Turbine Power Systems – Evaluation of Configurations for CO2 Capture 
 
Ola Maurstad, Rune Bredesen, Olav Bolland, Hanne M. Kvamsdal, Morten Schell 
SINTEF Energy Research, Trondheim, Norway  
 
Pressurized solid oxide fuel cells (SOFC) integrated in a gas turbine cycle is a promising power generation 
concept.  The benefit of such combined systems is the potential for high electrical efficiency at small scale.  By 
including an afterburner for the fuel cell, the remaining fuel in the anode exit gas is fully converted to water and 
CO2 while the anode and cathode streams from the fuel cell are kept separated.  This enables the CO2 capture 
from an exhaust stream consisting of only CO2 and water.  In this paper, three afterburner technologies based on 
different membrane conductors have been evaluated from the perspective of thermodynamic cycle analysis and 
materials technology.  The total SOFC and gas turbine system with the different afterburners has been modeled 
in a general purpose flow sheet simulator, and mass and energy balances have been calculated.  The electrical 
efficiency has been determined and compared for each of the three afterburners.  The potential of the three 
technologies for future use as afterburners is evaluated.  Using a SOFC as afterburner provides the highest 
efficiency, but also requires a large surface area to oxidize the remaining fuel. 

 
 
http://uregina.ca/ghgt7/PDF/papers/peer/079.pdf 
 

Azep Gas Turbine Combined Cycle Power Plants – Thermal Optimisation and LCA Analysis 
 
Sven Gunnar Sundkvist, Åke Klang, Mats Sjödin, Kjersti Wilhelmsen, Knut Åsen, Alberto Tintinelli, 
Sharon McCahey, Huang Ye 
Demag Delaval Industrial Turbomachinery AB, Finspong, Sweden 
 
Conventional fossil fuel based power plants produce flue gas streams with CO2 concentrations of 3% to 15%.  
Existing atmospheric CO2-capture processes (i.e. amine scrubbing) have significant energy requirements which 
reduce the plant’s efficiency by up to 10 percentage points.  Alternatively, combustion in O2/CO2 atmospheres, 
whilst enabling almost total CO2 and NOX recovery requires expensive and energy-consuming oxygen supplies.  
 
A less energy intensive proposition is the Mixed Conducting Membrane (MCM) which produces pure oxygen 
from air. Mixed Conducting Membranes are made from non-porous, metallic oxides that operate at high 
temperatures and have very high oxygen flux and selectivity.  Previous work has indicated that the most 
efficient and cost-effective utilisation of the MCM reactor is its integration into a conventional gas turbine 
based combined cycle (CCGT) to produce an Advanced Zero Emissions Power Plant, the AZEP concept.  
 
This paper presents results of an optimised AZEP power plant concept compared with a standard CCGT without 
CO2 capture and a CCGT with MEA scrubbing.  For a fair comparison with a CCGT with MEA scrubbing, that 
has a CO2 capture of 85%, also a modified AZEP case with sequential combustion before the expander to raise 
the turbine inlet temperature has been calculated.  Two sizes of CCGT power plants have been studied: a 50 
MW size based on a GTX100 gas turbine and a 400 MW size based on a V94.3A gas turbine, both in the 
Siemens gas turbine family.  
 
An environmental evaluation has also been performed by the application of the Life Cycle Analysis (LCA) 
methodology.  The target of the LCA study has been the comparison of the environmental burdens associated 
with different electric power production systems.  The same plant sizes as for the thermal performance 
optimisation calculations (50 and 400 MW) and three different cases for both sizes have been considered 
namely, conventional CCGT without CO2 capture, a CCGT including the AZEP concept, and a conventional 
CCGT with CO2 capture by MEA scrubbing.  The LCA study is built upon the calculation and the comparison 
of several impacts (emissions of CO2, CO, NOx , SOx , consumption of water and primary energy) and several 
impact categories (Greenhouse Effect, Air Acidification, Ozone Depletion and Photochemical Formation). 
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Comparison of Capture Processes for Gas-Fired Power Plants 
 
http://uregina.ca/ghgt7/PDF/papers/peer/076.pdf 
 

Benchmarking of Gas-Turbine Cycles with CO2 Capture 
 
Hanne M. Kvamsdal, Ola Maurstad, Kristin Jordal, and Olav Bolland 
SINTEF Energy Research, Trondheim, Norway 
 
Nine different concepts for natural gas fired power plants with CO2 capture have been investigated, and a 
comparison is made based on cycle performance.  These cycles constitute one post-combustion, six oxy-fuel 
and 2 pre-combustion concepts.  A common basis for the comparison of all concepts is defined and employed in 
heat- and mass-balance simulations of the various concepts.  As turbine cooling impacts the performance at 
high turbine inlet temperatures, a simplified model has been applied in the simulations.  It is shown that the 
concepts, in which emerging technology (the MSR-H2, the AZEP, the SOFC+GT and the CLC cycles) is 
employed, exhibit the best performance with respect to efficiency. 

 
 

DE-FC26-03NT41980

SECARB Deliverables Appendix Document
Volume I

Page 345 of 548



  

EPRI • 3412 Hillview Avenue, Palo Alto, California  94304 • PO Box 10412, Palo Alto, California  94303 • USA 
800.313.3774 • 650.855.2121 • askepri@epri.com • www.epri.com 

 
 

About EPRI 

EPRI creates science and technology solutions for the 
global energy and energy services industry.  U.S. 
electric utilities established the Electric Power 
Research Institute in 1973 as a nonprofit research 
consortium for the benefit of utility members, their 
customers, and society.  Now known simply as EPRI, 
the company provides a wide range of innovative 
products and services to more than 1000 energy-
related organizations in 40 countries.  EPRI’s 
multidisciplinary team of scientists and engineers 
draws on a worldwide network of technical and 
business expertise to help solve today’s toughest 
energy and environmental problems. 

EPRI. Electrify the World 

Export Control Restrictions 
Access to and use of EPRI Intellectual Property is 
granted with the specific understanding and requirement 
that responsibility for ensuring full compliance with all 
applicable U.S. and foreign export laws and regulations 
is being undertaken by you and your company. This 
includes an obligation to ensure that any individual 
receiving access hereunder who is not a U.S. citizen or 
permanent U.S. resident is permitted access under 
applicable U.S. and foreign export laws and regulations. 
In the event you are uncertain whether you or your 
company may lawfully obtain access to this EPRI 
Intellectual Property, you acknowledge that it is your 
obligation to consult with your company’s legal counsel 
to determine whether this access is lawful.  Although 
EPRI may make available on a case by case basis an 
informal assessment of the applicable U.S. export 
classification for specific EPRI Intellectual Property, you 
and your company acknowledge that this assessment is 
solely for informational purposes and not for reliance 
purposes.  You and your company acknowledge that it 
is still the obligation of you and your company to make 
your own assessment of the applicable U.S. export 
classification and ensure compliance accordingly. You 
and your company understand and acknowledge your 
obligations to make a prompt report to EPRI and the 
appropriate authorities regarding any access to or use 
of EPRI Intellectual Property hereunder that may be in 
violation of applicable U.S. or foreign export laws or 
regulations. 

  

© 2004 Electric Power Research Institute (EPRI), Inc. All rights 
reserved. Electric Power Research Institute and EPRI are registered 
service marks of the Electric Power Research Institute, Inc.  EPRI. 
ELECTRIFY THE WORLD is a service mark of the Electric Power 
Research Institute, Inc. 

00000000000001011372 

 

DE-FC26-03NT41980

SECARB Deliverables Appendix Document
Volume I

Page 346 of 548



 
JAF025212.DOC 1 September30, 2005 

Summary of the Most Promising CO2 Transportation Options 
 

 

Deliverable 17 

March 2006 

 

 

 

EPRI Project Manager 

Richard Rhudy 

 

Report Prepared by: 

Advanced Resources International, Inc. 

 

DE-FC26-03NT41980

SECARB Deliverables Appendix Document
Volume I

Page 347 of 548



 
JAF025212.DOC 2 September30, 2005 

  

Background.  An important part of the overall Phase I work by SECARB has been establishing 

the transportation requirements and systems for delivering CO2 from the various point sources to 

the large capacity geological sinks in the eleven state region. 

 

Three CO2 transportation options - - pipelines, barges and truck/rail - - were examined.  Barge 

transportation of CO2 was eliminated due to costs and limited linkage between sources and sinks.  

Truck and rail transportation of CO2 was eliminated because of costs and the large volumes of 

CO2 that would need to be transported.  The most favorable option for transport of CO2 within 

the SECARB region is through high pressure pipelines.  Such pipelines already exist in 

significant number within the US as shown in Figure 1.   

 

Figure 1 
Current US pipelines with associated CO2 sources. 

Source: Denbury Resources, 
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In point of fact, there are existing CO2 pipelines within the SECARB region. 

 

Existing and Planned CO2 Pipelines in the SECARB Region.  The SECARB region has both 

natural CO2 and an existing CO2 pipeline system that deliver this CO2 to oil fields for CO2 -EOR.  

See Figure 2. 

 

Figure 2 
Denbury CO2 pipeline in the SECARB region 

. 

The Jackson Dome currently holds 2.7 Tcf of natural CO2 proved reserves.  With future drilling, 

Jackson Dome may be able to provide up to 12 Tcf of natural CO2 reserves, utilizing a portion of 

the potential CO2 storage capacity in depleted and near-depleted oil fields. 

 

Source: Denbury Resources, 
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This natural source of CO2 is currently linked to a series of six oil fields in southwestern 

Mississippi and southeastern Louisiana with a 183 mile, 20-inch diameter, high-pressure 

pipeline, capable of transporting 440 MMcfd.  In addition, Denbury Resources (the owner of the 

CO2 pipeline and the CO2 supply at Jackson Dome) has initiated construction of an 84-mile 

lateral capable of transporting 270 MMcfd from the natural CO2 supply at Jackson Dome to 

additional oil fields in East Mississippi, Figure 3.  This CO2 pipeline system could be part of the 

“backbone pipeline system” for collecting CO2 from industrial and power plants in the SECARB 

region and delivering this CO2 to favorable CO2 storage sites in the eleven state region. 

 

Figure 3 
Denbury planned CO2 pipeline in the SECARB region 

 

Documentation of Work to Date.  To assist in the assessment and planning of CO2 

transportation and a “backbone pipeline system”, the Phase I work assembled the following 

information: 

Source: Denbury Resources, 
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1. GIS Mapping of CO2 Sources.  A GIS database containing the location and capacities of 

the major stationary sources of CO2 was constructed for the SECARB region during 

Phase I.  This database includes plant location, capacity, annual CO2 emissions, the CO2 

concentration of each plant’s emissions, and the cost of capturing CO2 from the plant’s 

emissions. 

 

The database was developed starting with the IEA GHG Programme preliminary data on 

CO2 sources.  New data was entered for power plant refineries, cement plants, ammonia 

plants and gas processing facilities.  For power plants, the data source was the USEPA 

eGRID database. 

 

2. GIS Mapping of CO2 Sinks.  A GIS database containing the location and storage 

capacity of the main geologic sinks - - oil and gas fields, coalbeds and saline aquifers - - 

is being constructed for the SECARB region during Phase I. 

 

The US DOE GASIS database was used for general information on the oil and gas fields 

in the region.  The Geological Survey of Alabama provided a more detailed data set for 

oil and gas fields in Alabama and Mississippi.  The University of Texas, Bureau of 

Economic Geology provided the oil and gas field data set for East Texas.  For the 

coalbeds data set, the Alabama Geological Survey provided the information.  For Saline 

Aquifers, the Bureau of Economic Geology and Advanced Resources International 

provided the data. 

 

 

3. Transportation System Linking CO2 Sources with CO2 Sinks.  The large CO2 sources 

and CO2 sinks were linked using the “Straight-Line Distance” function on the spatial 

analyst extension of ArcMap.  The output from this analysis is a raster layer where the 

cell values are equal to the straight line distance from each cell to the nearest sink.  More 

detailed source-sink matching involving a “least-cost path” based on a calculated 
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transportation cost surface, an estimated injection cost and consideration of reservoir 

storage capacity was performed for the East Texas portion of the SECARB region. 

 

Finally, a series of pipeline design capacity, construction and operating cost functions 

were used to calculate the transportation cost requirements for linking CO2 sources with 

geologic sinks.   

 

In support of planning the CO2 transportation system for the SECARB region, the two data items 

indicated below were collected and provided for the transportation evaluation effort: 

 

1. GIS version of the natural gas and oil pipeline systems in the SECARB region.  

This database provides information for examining potential CO2 pipeline corridors, as 

well as existing oil or gas pipelines that would be converted to CO2 collection and 

transportation lines.  See Figure 4. 

 

2. GIS version of the lakes and rivers in the SECARB region.  This database provides 

information for examining the physical barriers that could influence the location and 

costs of the CO2 transportation system in the region.  See Figure 5. 
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Figure 4 
Oil and natural gas pipelines in the SECARB region 

 

 

Figure 5 
Rivers, reservoirs, marshes and lakes in the SECARB region 
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More in depth information will be gathered and evaluated during Phase II of SECARB for 

establishing a more definitive set of CO2 pipeline transportation corridors and systems for the 

eleven state region. 
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Background.  An important part of the overall Phase I work by SECARB has been establishing 

the transportation requirements and systems for delivering CO2 from the various point sources to 

the large capacity geological sinks in the eleven state region. 

 

Three CO2 transportation options - - pipelines, barges and truck/rail - - were examined.  Barge 

transportation of CO2 was eliminated due to costs and limited linkage between sources and sinks.  

Truck and rail transportation of CO2 was eliminated because of costs and the large volumes of 

CO2 that would need to be transported.  The most favorable option for transport of CO2 within 

the SECARB region is through high pressure pipelines.  Such pipelines already exist in 

significant number within the US as shown in Figure 1.   

 

Figure 1 
Current US pipelines with associated CO2 sources. 

Source: Denbury Resources, 
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In point of fact, there are existing CO2 pipelines within the SECARB region. 

 

Existing and Planned CO2 Pipelines in the SECARB Region.  The SECARB region has both 

natural CO2 and an existing CO2 pipeline system that deliver this CO2 to oil fields for CO2 -EOR.  

See Figure 2. 

 

Figure 2 
Denbury CO2 pipeline in the SECARB region 

. 

The Jackson Dome currently holds 2.7 Tcf of natural CO2 proved reserves.  With future drilling, 

Jackson Dome may be able to provide up to 12 Tcf of natural CO2 reserves, utilizing a portion of 

the potential CO2 storage capacity in depleted and near-depleted oil fields. 

 

Source: Denbury Resources, 
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This natural source of CO2 is currently linked to a series of six oil fields in southwestern 

Mississippi and southeastern Louisiana with a 183 mile, 20-inch diameter, high-pressure 

pipeline, capable of transporting 440 MMcfd.  In addition, Denbury Resources (the owner of the 

CO2 pipeline and the CO2 supply at Jackson Dome) has initiated construction of an 84-mile 

lateral capable of transporting 270 MMcfd from the natural CO2 supply at Jackson Dome to 

additional oil fields in East Mississippi, Figure 3.  This CO2 pipeline system could be part of the 

“backbone pipeline system” for collecting CO2 from industrial and power plants in the SECARB 

region and delivering this CO2 to favorable CO2 storage sites in the eleven state region. 

 

Figure 3 
Denbury planned CO2 pipeline in the SECARB region 

 

Documentation of Work to Date.  To assist in the assessment and planning of CO2 

transportation and a “backbone pipeline system”, the Phase I work assembled the following 

information: 

Source: Denbury Resources, 
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1. GIS Mapping of CO2 Sources.  A GIS database containing the location and capacities of 

the major stationary sources of CO2 was constructed for the SECARB region during 

Phase I.  This database includes plant location, capacity, annual CO2 emissions, the CO2 

concentration of each plant’s emissions, and the cost of capturing CO2 from the plant’s 

emissions. 

 

The database was developed starting with the IEA GHG Programme preliminary data on 

CO2 sources.  New data was entered for power plant refineries, cement plants, ammonia 

plants and gas processing facilities.  For power plants, the data source was the USEPA 

eGRID database. 

 

2. GIS Mapping of CO2 Sinks.  A GIS database containing the location and storage 

capacity of the main geologic sinks - - oil and gas fields, coalbeds and saline aquifers - - 

is being constructed for the SECARB region during Phase I. 

 

The US DOE GASIS database was used for general information on the oil and gas fields 

in the region.  The Geological Survey of Alabama provided a more detailed data set for 

oil and gas fields in Alabama and Mississippi.  The University of Texas, Bureau of 

Economic Geology provided the oil and gas field data set for East Texas.  For the 

coalbeds data set, the Alabama Geological Survey provided the information.  For Saline 

Aquifers, the Bureau of Economic Geology and Advanced Resources International 

provided the data. 

 

 

3. Transportation System Linking CO2 Sources with CO2 Sinks.  The large CO2 sources 

and CO2 sinks were linked using the “Straight-Line Distance” function on the spatial 

analyst extension of ArcMap.  The output from this analysis is a raster layer where the 

cell values are equal to the straight line distance from each cell to the nearest sink.  More 

detailed source-sink matching involving a “least-cost path” based on a calculated 
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transportation cost surface, an estimated injection cost and consideration of reservoir 

storage capacity was performed for the East Texas portion of the SECARB region. 

 

Finally, a series of pipeline design capacity, construction and operating cost functions 

were used to calculate the transportation cost requirements for linking CO2 sources with 

geologic sinks.   

 

In support of planning the CO2 transportation system for the SECARB region, the two data items 

indicated below were collected and provided for the transportation evaluation effort: 

 

1. GIS version of the natural gas and oil pipeline systems in the SECARB region.  

This database provides information for examining potential CO2 pipeline corridors, as 

well as existing oil or gas pipelines that would be converted to CO2 collection and 

transportation lines.  See Figure 4. 

 

2. GIS version of the lakes and rivers in the SECARB region.  This database provides 

information for examining the physical barriers that could influence the location and 

costs of the CO2 transportation system in the region.  See Figure 5. 
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Figure 4 
Oil and natural gas pipelines in the SECARB region 

 

 

Figure 5 
Rivers, reservoirs, marshes and lakes in the SECARB region 
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More in depth information will be gathered and evaluated during Phase II of SECARB for 

establishing a more definitive set of CO2 pipeline transportation corridors and systems for the 

eleven state region. 
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Disclaimer 
 
This report was prepared as an account of work sponsored by an agency of the 
United States Government.  Neither the United States Government nor any agency 
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assumes any legal liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process disclosed, or 
represents that its use would not infringe privately owned rights.  Reference therein 
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manufacturer, or otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any agency 
thereof.  The views and opinions of authors expressed therein do not necessarily 
state or reflect those of the United States Government or any agency thereof. 
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Abstract  
 
A stepwise approach was used to geologically characterize the southeast region 
covered by the Southeast Regional Carbon Sequestration Partnership (SECARB). 
The first step focused on the macro-level characterization of the region. Subsequent 
characterization will focus on smaller areas having high sequestration potential.  

Phase I for the SECARB region, identified many possible formations that could be 
used for geologic sequestration of carbon dioxide (CO2), including all categories 
from brine-filled formations to oil and gas reservoirs to unminable coal seams.  The 
challenge was not one of lacking prospects for geologic sequestration, but to 
determine which formations and techniques would be best.  Therefore, to properly 
prioritize the geologic sinks, it was necessary to build upon the characterization of 
the region with respect to where the sinks were generally located and then to focus 
on areas that appeared to have the best overall potential considering both sources 
and sinks as well as the quantity and quality of available information. 

SECARB’s Action Plan focuses on the most promising opportunities for geologic 
sequestration within the region that promote the development of a framework and 
infrastructure necessary for the validation and deployment of carbon sequestration 
technologies. Potential projects were evaluated to determine which would provide 
good returns on investment, based not only on cost, but in terms of techniques 
tested, research goals and questions to be answered, and overall benefit to the 
sequestration effort.  

SECARB’s initial areas of opportunity revolve around three focus areas: 1) a Gulf 
Coast focus investigating a stacked sequence of hydrocarbon and brine reservoir 
intervals, where EOR with CO2 can serve as an economic driver in establishing the 
CO2 infrastructure; 2) a coal seam focus for validation of sequestration opportunities 
in the Central Appalachian Basin and the Black Warrior Basin, where CO2 enhanced 
CBM recovery can add economic value; and 3) a Saline Aquifer focus that looks at 
validating geologic storage in close proximity to a Southern Company coal-fired 
power plant that is part of the Electric Power Research Institute’s (EPRI’s) Test 
Center program located in the Mississippi Interior Salt Basin.  

DE-FC26-03NT41980

SECARB Deliverables Appendix Document
Volume I

Page 365 of 548



  Southern States Energy Board 
DE-FC26-03NT41980 

4

Table of Contents 

Abstract.....................................................................................................................3 
Executive Summary .................................................................................................6 

SECARB PARTNERSHIP OVERVIEW ................................................................6 
SEQUESTRATION OPPORTUNITIES .................................................................6 
MOST PROMISING AREAS OF OPPORTUNITY ................................................7 
ACTION PLAN......................................................................................................7 
FUTURE OPPORTUNITIES ...............................................................................10 

Experimental...........................................................................................................11 
Results and Discussion.........................................................................................12 

1.0 BACKGROUND .........................................................................................12 
2.0 GEOLOGIC CHARACTERIZATION OF THE SOUTHEAST STATES.......15 
3.0 CO2 SEQUESTRATION OPPORTUNITIES ..............................................22 
4.0 MOST PROMISING AREAS OF OPPORTUNITY .....................................28 
5.0 ACTION PLAN...........................................................................................40 

Conclusion..............................................................................................................54 
ADDITIONAL DATA RECOVERY.......................................................................54 
DATA REDUCTION............................................................................................54 
GEOLOGIC CHARACTERIZATION ...................................................................55 
REGIONAL OPPORTUNITIES ...........................................................................55 
CONCLUSIONS..................................................................................................55 

Problems Encountered ..........................................................................................57 
Significant Accomplishments ...............................................................................58 
References..............................................................................................................59 
List of Acronyms and Abbreviations....................................................................60 
Appendix: Data Screening Process......................................................................61 
 

DE-FC26-03NT41980

SECARB Deliverables Appendix Document
Volume I

Page 366 of 548



  Southern States Energy Board 
DE-FC26-03NT41980 

5

 
 
List of Graphical Materials 

Figure ES1.  Target Area for the Gulf Coast Stacked Storage Project ......................8 
Figure ES2.  Sequestration Target Areas for the Central Appalachian 

Basin in SW VA, KY, and WV (CBM Content Map)............................9 
Figure ES3.  Sequestration Target Areas for the Warrior Basin in Alabama..............9 
Figure ES4.  Proximity of Power Plants Relative to Saline Aquifers in the 

Mississippi, Alabama, and Florida Panhandle Area .........................10 
Figure 1 – Southeast Regional Carbon Sequestration Project Team 

Structure ..........................................................................................12 
Figure 2 – The Partnership’s Alliance of Auxiliary Participants in the 

Project..............................................................................................13 
Figure 3 – States in the Southeast Regional Carbon Sequestration 

Partnership.......................................................................................14 
Figure 4 – Prospects for Carbon Sequestration using Brine Formations in 

the SECARB Region  ............................................................................... 16 

Figure 5 – SECARB Areas Brine Formation Areas Showing Depth of 
Sedimentary Cover ..........................................................................22 

Figure 6 – Coal Areas within the SECARB Region ..................................................23 
Figure 7 – Opportunities for Value-added CO2 Sequestration in the 

Western Gulf Coast subregion in conjunction with EOR ..................24 
Figure 8 – Louisiana-Mississippi Salt Basins Province with Approximate 

Location of the Wiggins Arch............................................................37 
Figure 9 – Target Area for the Gulf Coast Stacked Storage Project.........................40 
Figure 10 – Sequestration Target Areas for the Central Appalachian Basin 

in SW VA, KY, and WV (CBM Content Map)....................................44 
Figure 11 – Sequestration Target Areas for the Warrior Basin in Alabama..............44 

Figure 12 – Proximity of Power Plants Relative to Saline Aquifers in the 
Mississippi, Alabama, and Florida Panhandle Area .........................49 

Table 1 – Geological Characterization Parameters and Data 
Requirements Analysis ....................................................................61 

DE-FC26-03NT41980

SECARB Deliverables Appendix Document
Volume I

Page 367 of 548



  Southern States Energy Board 
DE-FC26-03NT41980 

6

Executive Summary 

SECARB PARTNERSHIP OVERVIEW 

The Southeast Regional Carbon Sequestration Project (SECARB) is a diverse 
partnership covering eleven states involving the Southern States Energy Board 
(SSEB) an interstate compact commission; regulatory agencies and/or geological 
surveys from member states; the Electric Power Research Institute (EPRI); 
academic institutions; a Native American enterprise; and multiple entities from the 
private sector.  In addition to the project team partners, a diverse alliance of auxiliary 
participants, the Technology Coalition, strengthens the project by representing many 
sectors that are integral to technical information transfer, outreach, and public 
perception.  The Technology Coalition members provide a breadth of knowledge and 
capabilities, particularly in the multiplicity of technologies, needed to assure a 
successful outcome to the project, and serve as an extremely important asset to the 
partnership.   

The eleven states comprising the multi-state region are:  1) Alabama; 2) Arkansas; 
3) Florida; 4) Georgia; 5) Louisiana; 6) Mississippi; 7) North Carolina; 8) South 
Carolina; 9) Tennessee; 10) Texas; and 11) Virginia.     

SEQUESTRATION OPPORTUNITIES  

Phase I for the SECARB region, identified many possible formations that could be 
used for geologic sequestration of carbon dioxide (CO2), including all categories 
from brine-filled formations to oil and gas reservoirs to unminable coal seams.  The 
challenge was not one of lacking prospects for geologic sequestration, but to 
determine which formations and techniques would be best.  Therefore, to properly 
prioritize the geologic sinks, it was necessary to build upon the characterization of 
the region with respect to where the sinks were generally located and then to focus 
on areas that appeared to have the best overall potential considering both sources 
and sinks as well as the quantity and quality of available information. 

Saline Aquifers 

Sequestration of CO2 emissions in deep, brine-bearing formations is an attractive 
option because large-volume sinks can often be found at depths suitable for 
injection, and in close proximity to anthropological sources. Saline reservoirs are 
widely distributed throughout the SECARB region and have a high potential for 
storing captured CO2.  

Coal 

Coal is an attractive option because large-volume sinks can often be found at 
relatively shallow depths and may provide cost-offsetting methane production in 
association with CO2 sequestration. The primary coal-bearing formations in the 
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region contain unminable coals in proximity to minable seams and active mining. 
More is known about the coals in areas with active coalbed methane (CBM) 
operations. Therefore, the Black Warrior basin of northwestern Alabama and the 
Central Appalachian basin of western Virginia, southern West Virginia, and eastern 
Kentucky have slight near-term advantages over some of the other coal-bearing 
areas.  

Oil and Gas Formations 

Oil and gas formations provide an attractive option because they often include large-
volume sinks with proven capability for long-term storage, some with potential for 
significant revenue streams from enhanced oil recovery (EOR).  The SECARB 
region has a large number of oil and gas formations with potential for carbon 
sequestration, as well as EOR.  Opportunities for oil and gas reservoirs are mainly 
available in the southwestern portion of the region, especially in Texas, Louisiana, 
Mississippi and Alabama.  

MOST PROMISING AREAS OF OPPORTUNITY 

SECARB’s Action Plan focuses on the most promising opportunities for geologic 
sequestration within the region that promote the development of a framework and 
infrastructure necessary for the validation and deployment of carbon sequestration 
technologies. Potential projects were evaluated to determine which would provide 
good returns on investment, based not only on cost, but in terms of techniques 
tested, research goals and questions to be answered, and overall benefit to the 
sequestration effort.  

SECARB’s initial areas of opportunity revolve around three focus areas: 1) a Gulf 
Coast focus investigating a stacked sequence of hydrocarbon and brine reservoir 
intervals, where EOR with CO2 can serve as an economic driver in establishing the 
CO2 infrastructure; 2) a coal seam focus for validation of sequestration opportunities 
in the Central Appalachian Basin and the Black Warrior Basin, where CO2 enhanced 
CBM recovery can add economic value; and 3) a Saline Aquifer focus that looks at 
validating geologic storage in close proximity to a Southern Company coal-fired 
power plant that is part of the Electric Power Research Institute’s (EPRI’s) Test 
Center program located in the Mississippi Interior Salt Basin. 

ACTION PLAN 

SECARB’s Action Plan embraces three diverse field tests to be conducted over a 
four-year period. Each field test can be broken down into five activities: project 
definition, design, implementation, operations, and closeout/reporting. In addition, 
the Action Plan includes work in continued characterization of regional sequestration 
opportunities; cross-cutting services for education and outreach; regulatory issues 
and permitting; monitoring, measurement and verification (MMV) technology 
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deployment; geographical information systems (GIS) data presentation; and project 
management. 

Gulf Coast Stacked Storage Action Plan 

Field Test 1 focuses on oil and gas reservoirs and brine formations to demonstrate 
advanced methods of CO2 injection and monitoring for EOR and long-term geologic 
storage. The Gulf Coast region has been selected for this test because of the large 
number of potential EOR projects and its numerous saline reservoirs. 

This field test, shown in Figure ES1, is designed to evaluate the potential for 
injecting CO2 into multiple horizons, coupling an EOR effort to provide an economic 
benefit to the project with sequestration efforts in saline reservoirs “stacked” in close 
proximity.  

Figure ES1.  Target Area for the Gulf Coast Stacked Storage Project 
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Coal Seams Action Plan  

Field Test 2 of the action plan 
focuses on coal seams with high 
methane content and unminable 
coal seams in the vicinity of 
existing coal fields extending 
from the Appalachian range, 
southwesterly into the Black 
Warrior Basin and towards the 
Gulf Coast. This field test will 
investigate CO2 sequestration in 
unminable coal seams and 
address a breakthrough concept 
for sequestering a full range of 
coal-fired power plant emissions. 
Two field test areas have been 
identified, one in the Central 
Appalachian Basin of Virginia, 
West Virginia, and Kentucky and 
one in the Black Warrior Basin of Alabama. These areas are shown in Figures ES2 
and ES3 respectively. 

Geological assessment of coal seams and the resulting geographical information 
system (GIS) development will be upgraded where data were found lacking for some 
areas of the Central Appalachian Basin and for the coalfields of the Alabama thrust 
belt. SECARB will review 
characterization study results to 
determine optimum sites for core 
hole drilling and testing for pilot 
injection of CO2. Approximately 
four well sites in both Central 
Appalachia and Alabama will be 
reviewed for possible selection 
as pilot sites. The results of 
geological characterization will be 
used to select the final test sites 
and to determine the precise well 
design and monitoring plan.  

Saline Formation Action  

Field Test 3 focuses on locating 
suitable geologic sequestration 
sinks in proximity to large coal-
fired power plants, specifically for investigating the geologic formations in proximity 

Figure ES3. Sequestration Target Areas for the 
Warrior Basin in Alabama 

Figure ES2.  Sequestration Target Areas for the 
Central Appalachian Basin in SW VA, KY, and WV 
(CBM Content Map) 
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Figure ES4.  Proximity of Power Plants Relative to 
Saline Aquifers in the Mississippi, Alabama, and 
Florida Panhandle Area

to EPRI’s proposed Test 
Center and the surrounding 
area. Figure ES4 shows the 
location of saline aquifers 
relative to power plants in the 
Mississippi, Alabama, and 
Florida Panhandle area, along 
with locations of oil and 
coalbed methane producing 
areas. 

A slim-hole reservoir 
characterization well will be 
used to acquire subsurface 
data to conduct the detailed 
pre-injection well drilling 
characterization of the test site 
and later to provide reservoir 
access for monitoring and observing the flow and storage of CO2 in saline aquifer. A 
full suite of geophysical logs will be obtained for the slim-hole well.  Pressure 
transient testing on reservoir zones of interest will be conducted.  The formation and 
overburden stress will be evaluated; together providing vital information on the 
porosity and net reservoir thickness, a first-order estimate of the reservoir 
permeability, and an assessment of the competence of the reservoir seal. 

 
FUTURE OPPORTUNITIES 

The three field tests focus on promising geologic field options that promote a 
framework and infrastructure necessary for the validation and regional deployment 
of carbon sequestration technologies. In addition, SECARB will allocate significant 
effort to the continued characterization of key areas of the region, validating 
technologies, and identifying locations. SECARB will continue to characterize the 
most promising regional options for CO2 capture, transport, and storage begun in 
Phase I; and the geologic characterization data will continue to be incorporated into 
the GIS system.  
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Experimental 
 
Due to the nature of the project, no experimental methods, materials or equipment 
are necessary.  
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Results and Discussion 
 
1.0 BACKGROUND 
 
1.1 Introduction 

The geologic working group of the Southeast Regional Carbon Sequestration Project 
(SECARB) has conducted a general characterization of the region. Data were 
obtained from a variety of sources, including the USGS, USDOE, state agencies, 
and reports to develop a database of information on geological formations that may 
provide reservoirs for carbon sequestration. The total amount of data that has been 
examined is very large and provides a good overall geological characterization of the 
region. Specific geological details, however, needed for evaluation of smaller areas 
within the region are not included within this initial set of data, with a few exceptions. 

The initial phase (Phase I) of the project has successfully characterized the region 
with respect to its general geological characteristics. Geological formations 
amenable to carbon sequestration have been verified and an initial database has 
been established.  The action plan set forth herein provides an effective program of 
three field tests to provide additional insight into the ability of sites within the 
southeast states to serve as viable opportunities for effective large volume carbon  
sequestration in the region. 

1.2 Scope and Overview 
The Southeast Regional Carbon Sequestration Project (SECARB) is a diverse 
partnership covering eleven states involving the Southern States Energy Board 

Southern States Energy
Board

EPRI

ARI

MIT

DIAL/MSU

The Phillips GroupRMS Research

Augusta Sy stems, Inc.

MSU Social Sciences

LSU

Choctaw Geo Imaging

Southern Company

TVA

WinRock

Virginia Tech

Bureau of  Economic Geology

Southeast Regional Carbon Sequestration Partnership
Organization Chart

Figure 1 – Southeast Regional Carbon Sequestration Project Team Structure 
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(SSEB), an interstate compact commission; regulatory agencies and/or geological 
surveys from member states; the Electric Power Research Institute (EPRI); 
academic institutions; a Native American enterprise; and multiple entities from the 
private sector.  Figure 1 shows the Team Structure for the partnership.  In addition to 
the project team partners, the Technology Coalition, an alliance of auxiliary 
participants, lends yet more strength and support to the project.  The alliance with its 
diverse representation of various sectors is integral to the technical information 
transfer, outreach, and public perception activities of the partnership.  The 
Technology Coalition members, shown in Figure 2, also provide a breadth of 
knowledge and capabilities in the multiplicity of technologies needed to assure a 
successful outcome to the project, and serve as an extremely important asset to the 
partnership.   

The eleven states comprising the multi-state region are:  1) Alabama; 2) Arkansas; 
3) Florida; 4) Georgia; 5) Louisiana; 6) Mississippi; 7) North Carolina; 8) South 
Carolina; 9) Tennessee; 10) Texas; and 11) Virginia.  The states making up the 
SECARB area are illustrated in Figure 3.  

1.3 Objectives 

The primary objectives of the SECARB project include: 

(1) Supporting the United States Department of Energy (USDOE) Carbon 
Sequestration Program by promoting the development of a framework and 
infrastructure necessary for the validation and deployment of carbon 

Partnership “Technology Coalition”

• AGL Resources
• American Electric Power
• Arkansas Oil and Gas Commission
• BP America
• Center for Energy and Economic 

Development
• ChevronTexaco Corporation
• Clean Energy Systems, Inc.
• Dominion
• Duke Power
• Edison Electric Institute Entergy 

Services
• Florida Power & Light Company
• Geological Survey of Alabama
• Georgia Environmental Facilities 

Authority
• Georgia Forestry Commission
• Gulf Coast & Carbon Center, 

University of Texas at Austin

• Interstate Oil and Gas Compact 
Commission

• Louisiana Department of Environmental 
Quality

• North American Coal Corporation, The
• North Carolina State Energy Office
• Nuclear Energy Institute
• Oak Ridge National Laboratory
• Old Dominion Electric Cooperative
• Progress Energy
• SCANA Corporation
• South Carolina Public Service 

Authority/Santee Cooper
• Southern Company
• Tampa Electric Company
• Tennessee Valley Authority (TVA)

Figure 2 – The Partnership’s Alliance of Auxiliary Participants in the Project 
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sequestration technologies. This requires the development of relevant data to 
reduce the uncertainties and risks that are barriers to sequestration, 
especially for geologic storage in the SECARB region. Information and 
knowledge are the keys to establishing a regional carbon dioxide (CO2) 
storage industry with public acceptance.  

(2) Supporting the President’s Global Climate Change Initiative with the goal of 
reducing greenhouse gas intensity by 18 percent by 2012. A corollary to the 
first objective, this objective requires the development of a broad awareness 
across government, industry, and the general public of sequestration issues 
and establishment of the technological and legal frameworks necessary to 
achieve the President’s goal. The information developed by the SECARB 
team will play a vital role in achieving the President’s goal for the 
southeastern region of the U.S.  

(3) Evaluating options and potential opportunities for regional CO2 sequestration. 
This requires characterization of the region regarding the presence and 
location of sources of greenhouse gases (GHGs), primarily CO2, the presence 
and location of potential carbon sinks and geological parameters, 
geographical features and environmental concerns, demographics, state and 
interstate regulations, and existing infrastructure.  

Figure 3 – States in the Southeast Regional Carbon Sequestration Partnership 
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2.0 GEOLOGIC CHARACTERIZATION OF THE SOUTHEAST STATES 

2.1 The SECARB Approach 

SECARB is developing a framework and strategy necessary for the validation and 
deployment of carbon sequestration technologies.  This is accomplished by 
addressing these factors:  

• CO2 storage and capture;  
• CO2 transport;  
• regulations;  
• permitting;  
• communication and outreach;  
• public acceptance;  
• monitoring and verification; and  
• environmental efficacy of sequestration within the southeast region. 

Geologic characterization of the region is a primary component of the total 
framework for validation of carbon sequestration technologies in the Southeast.  
SECARB has opted to utilize an integrated, stepwise approach to characterize and 
evaluate specific source-sink sequestration opportunities.  This approach allows 
optimum resources to be applied to the most critical elements of the evaluation 
process.  

2.1.1 Target Formations for Sequestration 

In the SECARB region, there are many possible formations that could be used for 
geologic sequestration of CO2, including all categories from brine-filled formations to 
oil and gas reservoirs to unminable coal seams.  The challenge is not a lack of 
prospects for geologic sequestration, but determining which formations and 
techniques are best.  To properly prioritize the geologic sinks, therefore, it was 
necessary to first characterize the region with respect to where the sinks were 
generally located and then to focus on areas that appeared to have the best 
potential for matching up to CO2 sources. 

2.1.2 SECARB Characterization Activities 

The SECARB Geologic Sequestration Working Group (GSWG) established a logical 
stepwise process to collect data and information to characterize the region, identify 
the potential target areas for sequestration, and define the most promising targets 
for Phase II project work.  The initial step was a macro-level, dimensional, 
geographic identification of areas and particular geologic formations with 
sequestration potential.  These areas and their associated geological formations 
comprised the targets for geologic data mining.  Three primary data sets were 
developed from public data, each set focusing on one of the main types of geologic 
sinks for sequestration, namely saline formations, coal seams, and oil and gas 
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Figure 4 –  Prospects for Carbon Sequestration 
using Brine Formations in the SECARB 
Region  

reservoirs.  A minimum set of parameters were sought during this step, based at 
least in part on the information believed to be available.  Additional data were 
collected simultaneously as the opportunity presented itself.  The minimum data 
sought initially included geographical parameters that would aid in locating the 
potential sinks (e.g.; state and county names; well location coordinates; oil, gas, or 
coal field names; formation names, etc.)  Geological data of importance included 
formation depth, thickness, and porosity as being most essential; while permeability, 
fluid saturations, pressures, productive areas, and area geology were placed at the 
next level of importance.  The complete list of parameters and their priorities are 
shown in the Appendix. Subsequent steps continued the assessment initiated and 
refined the information, addressing data availability and quality with respect to 
potential sequestration targets.  The data continued to be gathered, refined, and 
synthesized in an attempt to acquire the most relevant datasets possible.  The data 
continued to be incorporated into a geographical information system (GIS) database 
for use in identification of priority areas for conducting Phase II activities, specifically 
to identify the best combinations(s) of CO2 sources, sinks, and site attributes for 
constructing a sequestration test facility. 

The three primary datasets that were developed for the Southeast Region initially 
were based on national public datasets that had been developed mainly for reasons 
other than sequestration; e.g., oil and gas exploration and production.  For this 
reason, these national data sets, while containing a wealth of information, often 
contained only a minimum amount of information of direct value to the sequestration 
effort.  The result was substantial collection of data that could be used for a general 
characterization for the region, but having numerous “holes” or missing data points.  
This was not unexpected and 
additional data were sought and 
obtained from other public and 
private sources, primarily state 
databases. 

Even with the additional data, it 
must be expected that holes will 
continue to exist in the database.  
The expectation, however, is that 
the data was adequate to focus 
detailed evaluation efforts on a 
number of areas within the 
region.  Figure 4 is a map, based 
primarily on data from the Texas 
Bureau of Economic Geology 
(BEG) and state geological 
surveys, ranking areas within the 
region according to the viability of 
brine formations as potential carbon sinks.  The green areas show where the best 
prospects are located for CO2 storage in the brine formations, while the orange and 
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red areas are indicative of areas where brine formations are either not present or 
have other problems making them marginal or high-risk prospects. The blue outlined 
areas on the map are areas where additional studies of the brine formations are 
needed to fully characterize their potential as carbon sinks. It should be noted that 
some of the green areas coincide with oil and gas producing formations, especially 
those adjacent to the Gulf of Mexico, providing opportunities for EOR in conjunction 
with sequestration efforts. 

2.2 Primary Data Sources   

Primary data sources for the initial phase of geologic characterization included the 
United States Geological Survey’s (USGS) Assessment of National Oil and Gas 
Resources publications (1995 and 2001), supplemented by data from USDOE’s Gas 
Information System (GASIS) database (Version 2, 1999), reports from the USGS’s 
National Coal Resource Assessment, and publications obtained from the Texas 
Bureau of Economic Geology, Geological Survey of Alabama, the Virginia Center for 
Coal and Energy Research and the Massachusetts Institute of Technology.  
Additionally, more detailed information was sought from various state geological 
surveys and other cognizant state agencies.  

Five of the 11 SECARB area states are already included by state agencies 
participating directly in the SECARB effort: Texas, Louisiana, Mississippi, Alabama, 
and Virginia.  The Florida Panhandle area is also covered by the Geological Survey 
of Alabama. Non-participating state agencies in North Carolina, South Carolina, 
Tennessee, Georgia, Arkansas, and Florida were contacted to determine the 
availability of data from those states.  All states were found to be cooperative, but 
none had digitized information; and few had much data on oil, gas, coal, or 
(especially) salt water aquifers.  In every case, the acquisition of information on 
underground rock formations would require manually reviewing paper reports, paper 
and/or computer spreadsheets, and state report forms for information.  The agencies 
were very interested in the project and were quite willing to cooperate, and typically 
recommended that any request for information be as specific as possible so that the 
correct information could be found quickly. 

Particular use was made of a number of papers and articles. Figure 4, for example, 
was based largely on the following resource(s): “Sequestration of greenhouse gases 
in brine formations,” compiled and created by Hovorka, et al, of The University of 
Texas at Austin, Bureau of Economic Geology (BEG), a hypertext publication (http: 
//www .beg .utexas .edu /environqlty /co2seq /dispslsaln.htm) containing a large GIS 
data base of basic parameters for eight brine aquifers in the region, in turn derived 
from numerous published and publicly available sources. Digital data from USGS 
Open-File Report 83-920, “Total Thickness of Sedimentary Rocks in the 
Conterminous United States,” along with BEG publications “The Tectonic 
Framework of Texas” and “Tectonic Map of Texas”  compiled by T. E. Ewing, 
provided guidance on study areas. Additional resources for additional parts of the 
Southeast Region included USGS Professional Paper 1416-I, “Ground-water flow 
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analysis of the Mississippi embayment aquifer system, south-central United States” 
by J. Arthur and R.Taylor; Kentucky Geological Survey’s “Preliminary map of the 
structure of the Precambrian surface in eastern Kentucky” by J. Drahovzal and M. 
Noger; USGS map “Physical Divisions of the United States” by N. Fenneman and D. 
Johnson; West Virginia Geological and Economic Survey (WVGES) Publication V-
25, “The Atlas of Major Appalachian Gas Plays” edited by J. Roen and B. Walker 
(specifically, “Lower Devonian Oriskany Sandstone Structural Play” contributed by J. 
Harper and D. Patchen and “Structural History of the Appalachian Basin” contributed 
by R. Shumaker);  BEG Special Publication, “Atlas of major Texas oil reservoirs“ by 
Galloway, et al, (specifically, a compilation of miscible reservoirs by Mark Holtz and 
Vanessa Nunez Lopez); a series of GIS maps of Louisiana oil fields prepared by the 
Louisiana Geological Survey; and a series of GIS maps of potential geologic sinks 
for carbon sequestration in Alabama, Mississippi, and the Florida Panhandle 
prepared by J. Pashin and J. Payton of the Alabama Geological Survey. 

2.2.1. Saline Formations    

Sequestration of CO2 emissions in deep, brine-bearing formations is an attractive 
option because large-volume sinks can often be found at depths suitable for 
injection, and in close proximity with anthropological sources of the gas. The primary 
depth requirement for the brine formation is that it should be deeper than, and 
isolated from, fresh-water supplies. A desirable characteristic of the brine formation 
is that it be at a depth where the temperature and pressure conditions are such that 
CO2 will be in a dense supercritical state. 

The Texas BEG inventoried 21 suitable U.S. brine formations to provide basic data 
for assessing feasibility, costs, and risks of sequestration. Several of these 
formations are within the bounds of the SECARB study region; thus the BEG 
database, augmented by information from the Geological Survey of Alabama, was 
very useful in characterization of the region’s saline formations. 

The geologic data system on saline formations of SECARB also incorporated a 
series of more detailed basin level geological assessments of saline aquifers*: 

• Deep saline aquifers of the Mt. Simon (Upper Cambrian) and Knox (Lower 
Ordovician/Upper Cambrian) as well as the Pre-Cambrian-age sedimentary 
fill of the East Continent Rift Basin on the Cincinnati Arch and the Nashville 
Dome between the Appalachian and Illinois basins. 

• The deep Tertiary-age Frio Formation saline aquifer in the in Alabama, 
Georgia, Tennessee, Mississippi and East Texas.  These include the 
following: Houston Diaper Province of the Texas Gulf Coast. 

• The deep Cretaceous-age Eutaw, Tuscaloosa, Dantzler and Paluxy and 
Cretaceous-Jurassic-age Rodessa, Houston and Cotton Valley saline 
aquifers in the Mobile Graben and Wiggins Arch of the Mississippi Interior 
Salt Basin. 
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• The deep aquifer systems of the Triassic Basins in the Coastal Plain of 
Georgia. 

• The deep saline aquifers in the Cambrian-age Rome Formation in the Warrior 
Basin of Alabama. 

• The deep saline aquifers of the Fort Payne, Houston, Trenton/Black River and 
Knox formations in the southern portion of the Illinois Basin. 

• The saline aquifers in the Knox, Conasauga and Rome formations of the 
Valley and Ridge Province of the southern Appalachian Basin. 

* Contributed data from internal studies of saline aquifers prepared by Advanced 
Resources International and others for electric power plant operators in the 
SECARB region 

2.2.2 Coal  

Because gas is stored in coal primarily by sorption, depth is not as important a 
variable as it is for oil, gas, or brine formations; however, target coal seams should 
be isolated from drinking-water supplies. The main requirement for sequestration in 
coal is that the coal is not minable. If the seam were to be mined subsequent to 
sequestering CO2 in the seam, most of the CO2 would be released back to the 
atmosphere. The CO2 would also impact mining operations and safety because it 
poses a suffocation hazard. 

Data for characterization for the region’s coal seams came from a variety of sources 
including the USGS’s National Coal Resource Assessment Program, which provided 
well point and outcrop data on various coal seams; USDOE data sets; and data that 
were collected by the various cognizant State Surveys. 

In addition to the assembly of detailed well point and out crop data, three coal 
resources and characterization studies provided comprehensive data for the major 
coal basins in the SECARB regions: 

• The first set of comprehensive data were the three geologic basin 
assessments of the coal seams in the Northern Appalachian Basin (GRI 
88/003; 1988), Central Appalachian Basin (GRI 88/0302; 1988), and the 
Warrior Basin (GRI 86/0272; 1986) prepared for the Gas Research Institute 
by Advanced Resources International.   These “basin studies” provided 
valuable cross-sections on the coal deposition, seam thickness and coal 
continuity in each basin as well as basic data on coal depth and coal rank on 
a seam by seam basis. 

• The second comprehensive study was the section on CBM in the report 
“Geologic Sinks for Carbon Sequestration in Alabama, Mississippi and the 
Florida Panhandle”, prepared for SECARB – Phase I by the Geological 
Survey of Alabama (Pashin and Payton; 2004).  The data base for CO2 sinks 
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included in this section of the report consisted of the information on 17 
coalbed methane fields which produce from the Pennsylvanian-age Pottsville 
Coal interval of the Black Warrior Basin.  This information was placed into a 
GIS data base and included the CO2 sequestration capacity for each coalbed 
methane field, calculated at a pressure of 350 psi. (Pashin, et al, 2004; 
Pashin and McIntyre, 2003) 

• The third set of comprehensive data was the compilation of information and 
the presentation to SECARB on the topic “Sequestration of Carbon Dioxide 
with the Low Rank Coals of the Gulf Coast” (Kuuskraa, 2004), prepared for 
SECARB – Phase I by Advanced Resources International.  The presentation 
style report included information on the location of this multi-state coal belt, 
provided depth and net thickness of the primary coal seams and compiled 
previous well test information for characterizing the Paleocene-Eocene lignite 
and sub-bituminous coal trend of the Gulf Coast that extends from southern 
Texas, through Louisiana, Arkansas and Mississippi, ending in the Florida 
panhandle.  The report concentrated on the coal deposits in the central 
portion of this area, in Louisiana, Mississippi, southern Alabama and western 
Florida.  While the data are limited, the preliminary assessment of the CO2 
storage in the low rank coals of the Central portion of the area indicated a 
potential for storing 2 to 10 billion metric tons of CO2, with 6 billion metric tons 
being a reasonable mid-range value. 

Considerable emphasis will be placed on further defining this coal belt during the 
geologic assessment task of SECARB – Phase II, particularly on information on coal 
permeability and CO2 injectivity. 

2.2.3 Oil and Gas Formations    

CO2 sequestration in conjunction with enhanced oil or gas recovery represents an 
opportunity to sequester carbon at low net cost because of the revenues from 
recovered oil or gas, especially oil, which is recoverable in higher-density energy 
units than gas. Production of oil or natural gas is rejuvenated by pumping CO2 gas 
into a depleted reservoir thereby providing the energy to push the product through 
the reservoir to production wells where it is then recovered. In an EOR application, 
some or even most of the CO2 can be left in the reservoir for permanent storage. 
The integrity of the CO2 that remains in the reservoir is well-understood and very 
high, as long as the original pressure of the reservoir is not exceeded. 

Primary oil production in the U.S. has been declining for several years with 
enhanced recovery technologies helping to stem the rate of decline. The oil industry 
purchases about 30+ million metric tons of CO2 every year to use in CO2-enhanced 
recovery. The capture of CO2 from point sources within the SECARB region and 
using it for EOR could help eliminate some of these CO2 emissions.  The scope of 
this EOR application is currently economically limited to point sources of CO2 
emissions that are near an oil or natural gas reservoir. 
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As in the case of the coal seams, data for characterization of the region’s oil and gas 
formations came from a number of different sources, primarily the USGS’s National 
Oil and Gas Assessment activity, including a database of information on coal seams 
in the region.  Information was also obtained from digital information reports by the 
USDOE such as those available through GASIS.  Additional information and data 
analysis were provided by BEG and by state geological surveys. 

The USGS’s 1995 publication, National Assessment of United States Oil and Gas 
Resources identified hypothetical plays where oil and gas reserves were likely to 
occur, based on known geological characteristics and applied statistics.  The 
geologic regions, provinces, and individual stratigraphic plays provide a valuable 
system for general characterization of the large multi-state SECARB region.  The 
states affiliated with the SECARB partnership are all included in USGS regions six 
and eight, and include all or part of nine different oil and gas provinces. 

2.3 Identifying Areas of Opportunity   

Phase I for the SECARB region, identified many possible formations that could be 
used for geologic sequestration of CO2, including all categories from brine-filled 
formations to oil and gas reservoirs to unminable coal seams.  The challenge was 
not lacking prospects for geologic sequestration, but determining which formations 
and techniques would be best.  Therefore, to properly prioritize the geologic sinks, it 
was necessary to build upon the characterization of the region with respect to where 
the sinks were generally located and then to focus on areas that appeared to have 
the best overall potential considering both sources and sinks as well as the quantity 
and quality of available information. 
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3.0 CO2 SEQUESTRATION OPPORTUNITIES 

GIS maps showing key formations and characteristics with overlays of CO2 sources 
were prepared to assist in the evaluation of potential geologic sequestration options. 
Infrastructure layers were utilized to identify possible issues such as pipeline 
rerouting requirements; terrain considerations; road, railroad, or river crossings; and 
environmental considerations; all of which impact a given evaluation. Upon 
narrowing the sequestration options to a priority group, these prospects were 
pursued to obtain specific information to complete the evaluation. If insufficient 
information was available for a given option, that option was dropped from 
consideration unless extraordinary efforts to obtain the information were warranted 
(e.g., drilling a test well). 

3.1 Brine Formations 
Information collected to date indicate that saline reservoirs are widely distributed 
throughout the SECARB region and will likely have the highest potential to store 
captured CO2. Many of these saline reservoirs are co-located with oil reservoirs, 
e.g., the Gulf Coast region. Parts of the region have thicker sediments overlying the 
brine formations, thus making them better areas for CO2 confinement. (See Figure 
5).  

Figure 5 – SECARB Areas Brine Formation Areas Showing Depth of 
Sedimentary Cover 

DE-FC26-03NT41980

SECARB Deliverables Appendix Document
Volume I

Page 384 of 548



  Southern States Energy Board 
DE-FC26-03NT41980 

23

In Phase I, SECARB compiled information on the relative storage capacity of 
potential saline reservoirs in the region. Within the states evaluated, the lower Gulf 
Coast of Texas, Louisiana, Mississippi, and Alabama, has the most extensive and 
thickest sedimentary sections with stacked reservoirs. The states in the Central 
Appalachians have significantly fewer opportunities due to the amounts of basement 
rock exposed in the section. 

Some of the better characterized formations already used for subsurface disposal  
within the region are the in the Mesozoic and Tertiary of the Gulf Coast (for example 
Cotton Valley, Tuscaloosa, Rodessa, Woodbine, Tokio, Paluxy,  Eutaw, Wilcox, Frio, 
Oakville, Jasper, and Lagarto.  In the mid-continent lower to Upper Paleozoic units 
include Mt Simon and equivalents, Ordovician- Mississippian carbonates, Oriskany 
and Pottsville sandstones. In Florida the Cretaceous- Tertiary carbonates (for 
example the Cedar Key/Lawson dolomites, Dollar Bay and Sunniland) have been 
used for water injection and oil production.   

On the eastern seaboard, most of the Piedmont sediments are occupied by potable 
water resource which must be protected and cannot be used for geologic disposal.  
Potential in the basalts of the Triassic Rift Basin beneath is uncertain; we await 
information about the potential of better known volcanic provinces (e.g. Colombia 
Plateau, Deccan traps)  to assess this buried potential.  Good potential exits near 
the Atlantic shoreline in the Basal Cretaceous and lower tertiary sandstones (e.g. 
Cape Fear Formation, Potomac Formations); thicker potential not yet assessed by 
this study lies offshore. 

Geology of the Blue Ridge and Piedmont of Georgia, the Carolinas, and Virginia are 
well known and have low potential for geologic storage because intrusive igneous 
and metamorphic rocks lie at or near the surface.  Fracture permeability typically 
diminishes sharply with depth eliminating most storage potential.  The existence or 
quality of a seal would be difficult to asses in this type of rock. 

3.2 Coal Formations    

The primary coal-bearing formations in the 
region contain unminable coals in proximity 
to minable seams and active mining. Data 
are particularly abundant in areas with 
active CBM operations. Because of this, the 
Black Warrior basin of Alabama and the 
Central Appalachian basin of Virginia, West 
Virginia, and Kentucky have slight 
advantages over some of the other coal-
bearing areas. Figure 6 shows the large 
coal areas within the SECARB region. 

The reservoir properties of coal seams vary 

Figure 6 – Coal Areas within the SECARB 
Region. 
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Figure 7 – Opportunities for Value-added CO2 Sequestration in 
the Western Gulf Coast subregion in conjunction with EOR 

significantly across the SECARB region, but each basin has large areas of 
unminable coal with sequestration potential. The geologic variables controlling the 
production of CBM resources are essentially the same as those determining carbon 
sequestration potential (Pashin and others, 2001, 2004). These variables include 
structural geology, hydrodynamics, coal rank, gas content, and sorption capacity. 
Coal rank varies from anthracite and bituminous rank coals in the Central 
Appalachia Basin to the lignite rank coals in East Texas. Higher gas contents are 
concentrated in mature coalbed methane (CBM) reservoirs in the Black Warrior 
Basin of Alabama and the Central Appalachian Basin in Virginia. These mature 
reservoirs have the greatest potential for enhanced CBM recovery because they 
have favorable reservoir properties, infrastructure in place, and higher recovery 
factors. 

Some of the coals with potential for sequestration include Pocahontas No. 3 & No. 4, 
Lower Horsepen, War Creek, Lower Seaboard, and Jawbone seams in the Central 
Appalachian Basin and the Black Creek, MaryLee, Pratt, Cobb, and Gwin coal zones 
in the Black Warrior basin. Additional sequestration potential exists in numerous coal 
seams in the Cahaba and Coosa coal basins of the southern Appalachian thrust 
belt. 

3.3 Oil and Gas 
Formations    

The number of oil and 
gas formations with 
potential for carbon 
sequestration is very 
large, but the most 
immediate candidates 
are those in which oil 
reservoirs are 
prospective for EOR. 

Opportunities for oil 
and gas reservoirs are 
mainly available in the 
southwestern portion of 
the region, especially 
in Texas, Louisiana, 
Mississippi and 
Alabama. Figure 7 
shows sources, sinks, 
and the capacities of 
each for three of these states: Texas, Louisiana, and Mississippi.  Where feasible, 
CO2-EOR can provide significant revenue streams to offset the costs of 
transportation infrastructure and, under the right circumstances, some costs 
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associated with capture. SECARB has identified a large number of reservoirs in the 
Gulf Coast area as well as in Arkansas that could benefit from CO2-EOR. Many 
operators in the region now recognize this technique as one of the best options for 
sustaining production in onshore fields in the future, assuming that adequate CO2 
supplies become available.  

One of the more recent studies of CO2 injection and storage available for the 
SECARB region is the evaluation of depleted and near-depleted oil reservoirs in the 
Gulf Coast region of Louisiana, Mississippi and Texas, prepared by Advanced 
Resources for the USDOE (“Energy: Basin-Oriented Strategies for CO2 Enhanced 
Oil Recovery: California, Onshore Gulf Coast, Offshore Louisiana, Oklahoma, 
Alaska, and Illinois,” April 2005).  The report compiled information on 217 major oil 
reservoirs and identified 205 large oil reservoirs as being amenable for CO2 injection 
and CO2 EOR in this three-state area. 

The report identified that application of CO2 for EOR in these 205 large reservoirs 
would require from 20 to 37 Tcf (1 to 2 billion metric tons) of CO2 that could be 
stored at the conclusion of the CO2-EOR projects in these reservoirs.  Additional 
CO2 storage capacity exists in reservoirs not favorable for CO2-EOR.  Use of more 
advanced EOR technologies, such as gravity stable flooding, and larger 
hydrocarbon pore volumes of CO2 injection would add considerable CO2 storage 
capacity to these totals. 

Selection criteria for fields suitable for EOR include (1) miscibility of CO2 with oil, (2) 
success of previous recovery techniques, (3) field ownership (unitized or few 
companies own mineral rights, (4)  age and integrity of the wells, and (5)  availability 
and transport requirements of CO2. 

The potential for using CO2 to recover gas economically and/or without damage to 
the resource remains speculative and needs further study. The ability of well 
engineering to satisfactorily reseal reservoir seals over the 100 to 1000 year period 
relevant to geologic sequestration is another of the remaining uncertainties of CO2 
storage in reservoirs. 

3.4 Sequestration Targets     

In the northeastern area of the region (Virginia, North Carolina, Tennessee, and the 
additional states of Kentucky and West Virginia), the primary targets for 
sequestration will be unminable coal seams and brine formations. Local 
opportunities for enhanced oil recovery may be available, but will not be the primary 
targets. Large depleted gas fields and abandoned gas storage fields may also be 
future options in the northern area. The first option, however, will be the enhanced 
recovery of CBM (ECBM). Carbon sequestration opportunities have been identified 
in the Central Appalachian Basin coal seams of southwestern Virginia (Buchanan, 
Dickenson, and Wise Counties), southern West Virginia (Fayette, McDowell, 
Raleigh, and Wyoming Counties), and eastern Kentucky (Harlan, Letcher, and Pike 
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Counties). A total storage capacity of 0.86 Tscm has been estimated for the Middle 
to Lower Lee and Pocahontas Formations in Buchanan and Dickenson counties, 
alone (Karmis, 2005). The technically feasible storage capacity estimate for these 
two counties, excluding minable areas and areas not yet developed for CBM 
production, is 0.31 Tscm. CO2 sequestration has the associated potential to recover 
an incremental 22.7 Bscm of ECBM. This region of Appalachia has been densely 
drilled for both conventional and CBM reservoirs; therefore, an extensive and mature 
natural gas pipeline infrastructure exists over the majority of the area defined for 
carbon sequestration potential. 

In the southeastern area of the region (South Carolina, Georgia, and Florida), there 
are few opportunities for sequestration as part of the recovery of CBM, oil, or gas, so 
the primary targets will be brine formations, even though the first projects may be for 
EOR. The South Florida basin has a large potential CO2 storage in for brine 
formations, especially in the Lower Cretaceous rocks that include the Dollar Bay and 
Sunniland formations, which also have potential for enhanced oil recovery. The 
South Florida basin contains a thick column of sediment with porous and permeable 
zones separated by impermeable anhydrite layers. 

In the central and western parts of the region (Alabama, Mississippi, Louisiana, 
Texas, and Arkansas) sequestration target options include coal, oil, gas, and brine 
formations. Oil reservoirs are highly attractive because of the potential for CO2-
enhanced oil recovery. Brine formations are important because they comprise a 
large number of high -volume sinks but have the disadvantage of providing no offset 
to sequestration costs. The Warrior Basin affords an excellent opportunity for ECBM 
production from unminable coals. In the Black Warrior CBM fields, the storage 
capacity of coal locally exceeds 2 MMscm/acre, and the amount of gas left in place 
after primary CBM recovery is estimated to exceed 0.4 MMscm/acre in some areas 
(Pashin et al. 2001, 2004). Coal in the Black Warrior Basin may be used to 
sequester up to 1.2 Tscm of CO2, which is equivalent to 35 years of CO2 emissions 
from nearby coal-fired power plants at current rates. Through ECBM, more than 14 
MMscm of methane may be recoverable from the established CBM fields in the 
Black Warrior basin, which could prolong the life of the CBM reservoirs substantially 
and result in a 20 percent expansion of CBM reserves in the basin.  

As more is learned about the potential for storage and/or ECBM recovery from the 
large lignite deposits in the region, those resources may also be utilized in the future 
for storage of CO2. Throughout the rest of the area, however, are ample 
opportunities for EOR that are more cost-effective than other forms of sequestration. 
Where EOR opportunities are not available, there is a high likelihood that brine 
formations will be available for storing CO2. 

3.5 Data Gap       

As expected, the database developed for the Southeast Region lacks information for 
some areas – has large “holes” in it. Even so, there have been more than adequate 
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data to identify areas having good potential for geologic sequestration. These areas 
have been compared to CO2 sources in the region, to provide basic information for 
the development of the action plan. To the extent that important data may be 
missing for key areas within the SECARB region, the team will concentrate efforts on 
those areas to fill in the data gaps.  SECARB will continue the characterization of the 
most promising regional options for CO2 capture, transport and storage begun in 
Phase I.  This will include collecting additional information on saline, coal, oil and 
gas formations such as the saline reservoirs in northern Georgia and the unminable 
coal formation that runs through Texas, Arkansas, Louisiana, Mississippi and 
Alabama. In addition to the new information, data collected as part of the CO2 field 
tests will be incorporated into the GIS database. 

Field Tests 1, 2 and 3 of SECARB’s Phase II effort will focus on the most promising 
geologic field options that promote a framework and infrastructure necessary for the 
validation and deployment of carbon sequestration technologies. Detailed 
characterization data from these field sites will be incorporated into the database. 
Additionally, SECARB will allocate significant effort to the continued characterization 
of the region, validating technologies, and identifying locations 
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4.0 MOST PROMISING AREAS OF OPPORTUNITY 

Upon completion of the evaluation process, additional data were developed for 
“projects of opportunity”, or source-sink combinations.  The potential projects were 
evaluated to determine which would provide a good return on investment, based not 
only on cost, but in terms of techniques tested, research goals and questions to be 
answered, and overall benefit to the sequestration effort. 

SECARB completed its initial screening of potential sources and sinks for carbon 
sequestration, finding that potential sources of CO2 emissions are located 
throughout the region, with large coal-fired power plants being the most prominent 
emitters. Also, the findings demonstrated that the region has numerous and diverse 
terrestrial and geologic sinks that could serve as most promising sinks for 
sequestering CO2. 

SECARB’s Action Plan focuses on the most promising opportunities for geologic 
sequestration within the region that promote the development of a framework and 
infrastructure necessary for the validation and deployment of carbon sequestration 
technologies. The Action Plan refines Phase I concepts and begins to validate, 
through field testing, sequestration technologies and corresponding infrastructure 
approaches related to regulatory, permitting and outreach. The multi-partner 
collaborations developed during Phase I will continue in the proposed action plan as 
Phase II. 

SECARB’s initial areas of opportunity revolve around three focus areas: 1) a Gulf 
Coast focus investigating a stacked sequence of hydrocarbon and brine reservoir 
intervals, where EOR with CO2 can serve as an economic driver in establishing the 
CO2 infrastructure, and building on the Gulf Coast Carbon Center’s (GCCC’s) 
experience on the Frio Basin Project; 2) a coal seam focus for validation of 
sequestration opportunities in the Central Appalachian Basin and the Black Warrior 
Basin, where CO2 enhanced coal bed methane (ECBM) recovery operations can 
add economic value and where unminable coals can provide sequestration 
opportunities; and 3) a saline aquifer focus that looks at validating geologic storage 
in close proximity to a Southern Company coal-fired power plant that is part of the 
Electric Power Research Institute’s (EPRI’s) Test Center program located in the 
Mississippi Salt Basin and separated from the Gulf Coast Salt Basin by the Wiggins 
Arch. (Note: Areas (1) and (3) are in distinctly different saline sinks). 
 
4.1 Gulf Coast Stacked Storage Opportunity Area 

Anthropogenic CO2 in the SECARB region can be used for CO2-EOR. Where 
feasible, CO2-EOR can provide significant revenue streams to offset the costs of 
transportation infrastructure. Through our on-going reservoir screening assessment, 
SECARB has identified a large number of reservoirs in the Gulf Coast of Texas, 
Louisiana, Mississippi, Alabama, Arkansas and Florida that could benefit from CO2-
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EOR. Many operators in the region now recognize this technique as one of the best 
options for sustaining production in onshore fields in the future. 

A thick sedimentary wedge of Tertiary and Quaternary rocks up to 12,000 feet 
(3,700 m) defines the Gulf Coast subregion, the onshore area which is 155,000 mi2 
(400,000 km2). Internal structure and properties of the Gulf Coast wedge are well 
known because of extensive exploration for production of hydrocarbons. 
Examination of regional maps and cross-section sets (Dodge and Posey, 1981; 
Galloway, 1982; Hosman, 1996) shows the maximum depth (where detailed regional 
data are available) is 14,000 ft (4,000 m); deeper potential exists but was not 
assessed. Fresh and brackish water protected as underground sources of drinking 
water (USDW) extends relatively deep (2,000 to 3,500 feet) in this region (Arthur and 
Taylor, 1990; LBG Guyton Associates, 2003, Brackish groundwater manual for 
Texas; Hovorka et al., 2004). In order to give adequate protection to USDW, the 
SECARB team assumes potential storage will begin at 4,000 ft (1,200m), which will 
allow the injection zone to be overlain by several thick, extensive shale-seal barriers 
to migration and a buffer of permeable sandstones to assure high permanence of 
storage. Sandstone porosity and permeability are high in the relatively young 
sediments of the Gulf Coast wedge, averaging 25 to 35 percent and 0.5 to 3 darcys. 
With respect to the national picture, the entire region is a target, so an average net 
sand value of 23percent was used, based upon the evaluation of type logs (Dodge 
and Posey, 1981). Using lower Gulf Coast area of 240,000 km2 with a stratigraphic 
thickness of 2,400m (2.4 km) 23 percent net sand, and 32 percent porosity, GCCC 
calculated total brine-filled subsurface porosity capacity of 42,000 km3. Injection 
simulation in typical, geologically heterogeneous Gulf Coast sandstones (Hovorka et 
al., 2004) has shown that capacity is a complex of multiple variables, including 
dissolution, two-phase trapping, buoyancy trapping, and complex migration paths; 
therefore, these simplistic calculations of capacity to store CO2 represent a 
maximum value and may overstate the potential storage. Additional experimentation, 
followed by modeling, is needed for realistic and defensible capacity assessment to 
be done; thus, the SECARB team will attempt to assess some of the critical 
unknowns. On the other hand, just 1% of the large subsurface volume would hold 
428 years of the region’s entire current CO2 production, which motivates continued 
research.  

Total emissions for the subregion calculated from Hendricks and others (2002) are 
0.3 × 109 metric tons CO2, which represents 25% of U.S. emissions. Refineries and 
chemical plants contribute to this CO2, which is significant because about 17% of 
these emissions are from high-concentration sources at hydrogen reformers and 
ethylene oxide plants. Use of these existing concentrated sources can help initiate 
storage opportunities before implementation of large-scale capture, avoiding this 
barrier to rapid implementation. Half the generating capacity of the subregion is from 
coal- and lignite-fired power plants; the other half is gas-fired, providing diverse 
options for capture. Both refiners (ChevronTexaco and BP) and utilities (Entergy and 
NRG) have joined the GCCC and are actively engaged in seeking a viable carbon 
capture and storage project (CCS) in a geologic setting with an economic driver. 
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Without an effective program to capture and store CO2 emissions from the Gulf 
Coast, the national GHG intensity goals will be difficult to reach.  

The Gulf Coast pilot is focused upon defining injection and monitoring, measurement 
and verification (MMV) criteria for stacked reservoirs with oil and brine intervals for 
the storage of anthropogenic CO2 GHG. The value of evaluating stacked reservoirs 
is that CO2 used for EOR has a market value that can help drive the development of 
a pipeline infrastructure in the Gulf Coast region for delivering large volumes of CO2 
for long-term geologic storage, thus reducing the negative affects of CO2 in the 
atmosphere. 

EOR could generate significant potential revenue streams to offset or completely 
cover costs of transportation infrastructure. Stakeholders, CO2 emitters, operators 
and communities, have shown strong interest in taking action to prolong production 
at fields with declining production through CO2-EOR. Over the last year, GCCC, 
through SECARB collaboration and academic funding, has completed an 
assessment of geologic storage options in the Gulf Coast region.  

This work inventoried 0.4 billion metric tons of CO2 produced annually from 316 
stationary sources in the region. Capture of CO2 from these sources could supply a 
680-mi (1,095-km) pipeline infrastructure that links the Gulf Coast region in a 
network extending from Alabama to Mexico. This area comprises 767 oil and natural 
gas reservoirs that could be used first for EOR and then for large-volume, long-term 
storage of CO2 in nonproductive formations below the reservoir interval. Modest 
investments could provide economic incentives for the oil and gas industry to 
support expanded EOR programs that will yield potential storage sites. Within Texas 
alone, outside the traditional area of CO2-EOR in the Permian Basin, an additional 
estimated 5.7 billion barrels (Bbbl) of oil could be produced by using CO2-EOR. By 
way of comparison, annual U.S. oil production is currently 3.2 Bbbl. At $30 per 
barrel, the 5.7 Bbbl of incremental production is estimated to have a wellhead value 
of $171 billion, generate $26 billion in taxes, and result in $498 billion of economic 
activity. This EOR activity could also lead to the storage of more than 700 million 
metric tons (0.7 gigaton) of CO2—only a small part of the positive impact. The true 
prize will be that EOR could enable construction of a CO2 pipeline infrastructure that 
could allow cost-effective storage of Gulf Coast power plant, refinery, and chemical 
plant emissions from fossil-fuel combustion for the next 50 years or more. 

Many large-volume, well-characterized geologic CO2 storage targets lie along the 
Gulf Coast in a stacked sequence of hydrocarbon and brine reservoir intervals. 
Hydrocarbon reservoirs and brine formations provide highly-injectable (high-
permeability, -porosity) zones that underlie diverse, high-volume CO2 point-source 
emitters. This area seeks to: reduce uncertainties and risks that are barriers to 
geologic storage; and develop a regional CO2 storage industry with public 
acceptance. Key research issues include: injected CO2 interaction with faults; 
pressure distribution during and after injection; injection impact on regional fluid flow 
and poro-elastic deformation; and near-surface CO2 monitoring in wetlands. This 
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area has the potential to implement capture and geologic storage because of the 
concentration of diverse CO2 sources (heavy industry, coal-fired power plants); high 
level of public, regulator and stakeholder comfort with underground injection 
(extensive experience with Class I and II wells); and economic, public and policy-
maker support because of CO2 potential for EOR as an economic driver to finance 
pipeline infrastructure that could enable large-scale sequestration of CO2 from coal-
fired power plants. This area could test a model for early injection into an oil 
reservoir, followed by long-term, large-volume storage in underlying brine 
formations. 

The Phase II goal is validating the CO2 distribution model during and after injection, 
as well as accurate assessment of stratigraphic interval being impacted. Key 
research issues thus include: injected CO2 interaction with faults; pressure 
distribution during and after injection; injection impact on regional fluid flow and poro-
elastic deformation; and near-surface CO2 monitoring in wetlands. All these aspects 
will lead to more accurate prediction of CO2 storage capabilities and risks, which will 
assist the public and private sectors in determining that geologic storage of 
anthropogenically generated CO2 is a safe and economic process for reducing 
GHGs. 

4.1.1 Suitability 

The Gulf Coast, and more specifically the states of Alabama, Florida, Louisiana, 
Mississippi and Texas, is a prime target area for geologic storage. This area is 
particularly attractive because: 

• high-capacity sinks are widely available with excellent injectivity properties;  

• regional CO2 emissions from coal-fired power plants and other large point 
sources are high;  

• economic drivers for developing a CO2 capture and pipeline infrastructure are 
rapidly evolving;  

• vast data sets exist that characterize structure and reservoir properties of the 
thick section of high-porosity, high-permeability sands of the Gulf Coast; 

•  an infrastructure of pipelines and pipeline rights-of-way exist; and 

•  there are both permitting experience and public acceptance.  

Collectively, these factors are consistent with the Gulf Coast becoming the “Low 
Cost Provider” for an evolving U.S. sequestration industry, which can help the U.S. 
reach national emissions reduction targets in the future.  

To position the SECARB region to take advantage of these considerable assets, this 
focus proposes to explore scientific and engineering issues to enable successful 
implementation of the stacked storage model. Stacked storage means that CO2 will 
be injected into an oil reservoir (to provide the economic incentive necessary to build 
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the necessary capture, compression, and pipeline infrastructure) and in large 
volumes into underlying brine-saturated sandstones. CO2 injection-based EOR thus 
provides the incentive and capital to get the sequestration process started. As 
proposed, working with an oilfield operator is the only way to obtain a significant 
volume of CO2 storage to support the needed experiment. Currently in the Gulf 
Coast, CO2 is a food commodity selling at $100+ a ton, compared with natural 
pipeline CO2 in the Permian Basin of Texas currently selling at $12 to $17 a ton.  

Large-volume storage in brines beneath reservoirs provides sites with high 
probability for minimal leakage rates and effective permanence for storage of 
emissions from coal-fired power plants and other point sources. SECARB will use 
the available infrastructure (wells, roads), characterization (wireline logs, seismic), 
and ease of permitting and public acceptance provided by the EOR operation to 
support planning and initial injection into a deeper brine formation. Over the long 
term, storage in formations below hydrocarbon producing formations provides a high 
assurance of permanence because:  

• the characteristics are already relatively well known via seismic, reservoir 
characterization, and exploration for deeper targets;  

• well penetrations (potential leak points) are sparse relative to the reservoir; and 
any CO2 in the oil reservoirs has excellent expectations for storage 
permanence (because the reservoirs have demonstrated seals and sorption by 
residual oil, providing a secondary trap).  

The stacked storage model has significance for the entire U.S. sequestration 
program by: 

• pioneering permitting processes for CO2 disposal; reducing performance 
assessment uncertainty issues, such as the nature of interaction of CO2 
injection with faults;  

• distributing pressure in the near and far field during and after injection (and its 
impact on fluid flow and deformation); and  

• developing an aggressive and successful plan to capture and store a significant 
proportion of the subregion’s emissions (and even offset emissions from 
subregions where subsurface environments are more limited). 

4.1.2 Site Availability  

SECARB has selected 15 fields where the designed field test could be conducted 
successfully and where operators have expressed interest in hosting the test.  
SECARB will work with potential site operators to determine whether the project 
could be economically successful and whether the proposed storage research can 
be successfully conducted at the site. The potential fields have moderate to steep 
dips typical of Gulf Coast reservoirs and up dip fault seals. The operator will provide 
an injection well, either a retrofit of an exiting well or a new well, and workover as 
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needed of producing wells that will be within the oil bank and area of eventual CO2 
recycling. The field test 1 (FT1) team will reduce risks to the operator by supporting 
initial months of purchase of CO2. The injection interval will be a typical high-
porosity, high-permeability sandstone with shale seals; the underlying brine target 
will be lithologically similar. 

4.1.3 Permitting Requirements  

The process of permitting injection wells through the Environmental Protection 
Agency (EPA’s Underground Injection Control (UIC) program is well known and has 
been used extensively in the Gulf Coast states. Relevant permit types are Class I 
nonhazardous disposal wells, Class II enhanced recovery wells, and Class V 
experimental wells. Each state has primacy (state agencies handle permitting under 
state rules, except for Florida Class II) and experience with permitting UIC wells. 
Texas has 110 Class I nonhazardous wells and 53,000 Class II wells; Florida has 
112 Class I nonhazardous wells; and Louisiana, Mississippi and Alabama all have 
experience in permitting agencies that can provide guidance to the U.S. CO2 storage 
program as it matures.  

In all permit types, the basic process remains the same:  

• geologic characterization to define underground sources of drinking water 
(USDW);  

• demonstration of integrity of the seal and well penetrations in the area of 
review;  

• calculation of the injectivity (permeability × thickness) of the injection zone, 
which will define maximum allowable surface injection pressure (MASIP) and 
permitted injection volume;  

• preparation of engineering drawings of proposed well completion and surface 
facility design;  

• submission of required documentation to appropriate state agencies and 
other parties;  

• response to agency and stakeholder comment;  

• review of as-built specifications to obtain permission to proceed;  

• and record-keeping and reporting.  

The proposed stacked storage model will require two state permits:  

• a Class II permit for the CO2-EOR process; and  

• a disposal well permit.  
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SECARB will work with state and federal regulators, USDOE, and with advisors in 
non-governmental organizations (NGO) to determine necessity for a Class I 
nonhazardous permit, class V experimental permit, or a new classification for CO2.  

A significant goal of this experiment is to advance confidence in the permitting 
process for CO2 disposal by working the first U.S. CO2 disposal permit through the 
system. Because the site could be in wetlands, a state assessment of impact on 
wetlands may be required and the proposed project will require a National 
Environmental Policy Act (NEPA) assessment. Because the project will use existing 
surface infrastructure, these assessments should result in findings of minimal 
impact. 

4.2 Coal Seam Opportunity Area 
The Geological Survey of Alabama has projected that CO2 enhanced recovery can 
prolong the life of CBM reservoirs and may increase CBM reserves by more than 
20% in the Black Warrior Basin (Pashin et al., 2004). During Phase I, the project 
conducted extensive mapping of the coals in the Central Appalachian and Warrior 
Basins to identify the CO2 storage capacity and favorable pilot site locations. A 
series of detailed cross-sections were prepared and a complete well data file was 
assembled for these two basins. During Phase II, more detailed characterization will 
be conducted to define the properties of the most favorable CO2 storage sites. 
The focus is on unminable coal seams with high methane content in the coal fields 
extending from the Appalachian range, southwest into the Black Warrior Basin and 
towards the Gulf Coast. ECBM recovery can serve as an economic driver to finance 
pipeline infrastructure.  
Previous research and the ongoing characterization studies under Phase I identified 
two “high-graded” sites for geologic sinks in coal seams within the region. This area 
provides the opportunity to run parallel pilot tests in the Black Warrior Basin and the 
Central Appalachian Basin. Through the use of mature CBM production areas and 
available subsurface and well data, project risk can be minimized and costs can be 
contained. In addition, one field test will be a multi-lateral horizontal injection test 
performed in Central Appalachia that may provide a technological breakthrough in 
terms of carbon sequestration injection efficiencies. 
The Black Warrior Basin and adjacent parts of the Appalachian thrust belt comprise 
a geographical subregion that contains a diverse assemblage of potential carbon 
sinks, including coal, mature oil and gas reservoirs, and saline aquifers.  Among 
these potential sinks, coal is especially promising because of the potential to 
sequester large volumes of GHGs while enhancing CBM production. In some Black 
Warrior coalbed methane fields, the CO2 storage capacity of coal locally exceeds 2 
MMscm/acre, and the amount of gas left in place after primary CBM recovery is 
estimated at more than 0.4 MMscm/acre in some areas (Pashin et al., 2004). Coal in 
the Black Warrior Basin may be used to sequester up to 1.2 Tscm (42 Tcf or 0.6 
GtC) of CO2, which is equivalent to 35 years of CO2 emissions from nearby coal-
fired power plants at current rates.  Through ECBM, more than 14 MMscm (500 
MMscf) of methane may be recoverable from the established CBM fields in the Black 
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Warrior basin, which could prolong the life of the CBM reservoirs substantially and 
result in a 20 percent of CBM reserves in the basin. 
Two coal-fired power plants adjacent to the Black Warrior coalbed methane fields 
emit more than 31 megatons of CO2 a year, and the proximity of these plants to the 
CBM fields makes validation of sequestration and ECBM potential a major priority. 
Additional capacity exists in CBM reservoirs in the Appalachian thrust belt, but this 
capacity has yet to be fully assessed. A third coal-fired power plant that emits nearly 
14 megatons (0.0035 GtC) of CO2 annually is located near these reservoirs, thus the 
potential of coal in the Appalachian thrust belt of Alabama will be assessed during 
the Phase II program. 
In the region surrounding the proposed Central Appalachian pilot test area are 
several coal-fired electrical power generation plants that could provide a large 
source of CO2, which, if not captured for sequestration, would be discharged to the 
atmosphere. The coal fields surrounding the generation facilities provide abundant 
potential sequestration sinks for captured CO2, the extent of which will be further 
addressed in the SECARB project. This region of Appalachia has been densely 
drilled for both conventional reservoirs; therefore, an extensive and mature natural 
gas pipeline infrastructure exists over most of the area defined for carbon 
sequestration potential. This pipeline infrastructure may help to provide pipeline 
rights-of-way to transport CO2 from the facilities to injection locations within the coal 
fields. 
The area identified in the Central Appalachian Basin for carbon sequestration 
opportunities in coal seams encompasses portions of southwestern Virginia 
(Buchanan, Dickenson, and Wise Counties, southern West Virginia (Fayette, 
McDowell, Raleigh, and Wyoming Counties), and counties in eastern Kentucky 
(Harlan, Letcher, and Pike Counties). A total storage capacity of 0.86 Tscm (0.44 
GtC) has been estimated for the Middle to Lower Lee and Pocahontas Formations in 
Buchanan and Dickenson Counties, Virginia (Karmis, 2005). The technically feasible 
storage capacity estimate for these two counties, excluding minable areas and areas 
not yet developed for CBM production, is 0.31 Tscm (0.16 GtC). CO2 sequestration 
has the associated potential to recover an incremental 22.7 Bscm (800 Bscf) of 
enhanced coalbed methane.  The prospect of enhancing CBM production while 
proving that carbon sequestration in coal seams is feasible in the southeastern 
United States will represent significant progress in limiting GHGs in the region. 
4.2.1 Suitability 
Coal seams are among the most attractive potential CO2 sinks occurring in the 
southeastern U.S., where a prolific CBM industry has produced more than 65 Bscm 
of the gas. Mature CBM reservoirs in the Southeast are concentrated in the Black 
Warrior Basin of Alabama and in the Central Appalachian Basin. These reservoirs 
are distinguished by numerous productive coal seams with individual thickness 
between 0.3 and 4 m, distributed through 700 to 1,500 m of section.  
Coal-fired power plants with combined annual CO2 emissions exceeding 31 
megatons are immediately north of the Alabama CBM fields, and mature CBM wells 
are abundant in the Blue Creek Field near the plants. Safe and viable test sites are 
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available in the Black Warrior Basin in areas that are minimally faulted; have thick, 
widespread coalbeds; and contain formation water with total dissolved solids content 
higher than 3,000 mg/L (a UIC compliance requirement). The Blue Creek Field, with 
large sections of the field meeting all three criteria, has been chosen provisionally as 
the location for the Black Warrior Basin field test on the bases of safety, logistical 
viability, and the ability to meet state and federal UIC requirements. 
The most favorable areas delineated for the Central Appalachian sequestration 
pilots are located within the CBM production region in Buchanan and Dickenson 
Counties, Virginia, and in McDowell and Wyoming Counties, West Virginia. 
Economic production in the Central Appalachian region began in 1988 with the 
development of the Nora CBM field by Equitable Production Company (Equitable), 
located primarily in Dickenson County, Virginia. Since that time, over 3,500 CBM 
wells have been drilled and completed through year-end 2004 in the Central 
Appalachian Basin. The strata in the Basin are comprised of multiple Pennsylvanian-
age coal seams with composite thicknesses ranging from 4.5 to over 9 meters of net 
coal. The prospective coal seams are mostly low to medium volatile bituminous, 
have high gas contents of 5.6 to over 17 scm per ton (200 to 600+ scf per ton), and 
occur at favorable depths for storage. CBM development in the area has provided 
extensive geological, engineering, and production data, which are available for 
reservoir modeling. The CBM productivity of the province indicates that coal 
permeability should be acceptable for CO2 injection, and preliminary calculations 
indicate approximately 0.86 Tscm of feasible CO2 storage capacity in the two-county 
test area in Virginia. Favorable reservoir characteristics for coal seam carbon 
sequestration also exist in adjacent counties in southern West Virginia and eastern 
Kentucky. These counties also will be included in the regional mapping and test 
selection process. 
 
4.2.2 Site Availability  

Numerous operators, including CDX Gas, El Paso Natural Gas, Geomet Operating 
Company, Energen Resources, ChevronTexaco and Dominion Black Warrior, are 
active in the Black Warrior CBM fields near Southern Company’s Gorgas and Miller 
coal-fired power plants. Discussions with coal field operators indicate that many 
candidate wells are available for testing. The Geological Survey of Alabama (GSA) 
is working closely with these operators to identify well sites that are viable 
candidates for injection-falloff testing, production testing and monitoring. Because 
the geological conditions and surface logistics vary significantly among the potential 
test sites, it would be premature to select a final test site until after running baseline 
reservoir models and conducting surface reconnaissance of the potential sites. 
Beginning in Phase II, a series of candidate sites will be characterized geologically, 
and predictive reservoir models will be developed. The results of geological 
characterization and modeling will be used to select the most viable test site and to 
finalize the site design and monitoring plan.  

The energy operators in the area of the Central Appalachian test include CONSOL 
Energy, Equitable Gas, CDX Gas, Penn Virginia, AMVEST Oil & Gas, GEOMET 
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Operating Company and Energy Search. Work has been initiated for site access and 
support from industry and the response has been very positive. Proposed injection 
testing in the Central Appalachian Basin is likely to be in a vertical well in Virginia 
and a multi-lateral horizontal well in West Virginia. CDX Gas, AMVEST Oil & Gas, 
and CONSOL Energy will each contribute a well for site specific testing (CDX well 
will be horizontal). Buchanan Energy Company, Equitable Gas, McJunkin 
Corporation, Dart Oil and Gas Corporation and The United Company have pledged 
support with technical data, property access, and other support. Local citizens and 
communities also are informed of the potential merits of carbon sequestration in the 
region and are expected to support the project.  

4.2.3 Permitting Requirements  

Injection wells used for CO2 ECBM recovery are EPA Class II UIC wells, and for the 
Black Warrior field test, the State Oil and Gas Board of Alabama (AOGB) have 
primacy over the Class II program. GSA and AOGB share offices and administration, 
which will help facilitate the permitting process associated with this study. Common 
ownership of the well sites in Blue Creek field also will simplify the permitting 
process. Permits for CO2 injection will be obtained, and well testing and monitoring 
activities will commence after the final test site is chosen.  

For the Central Appalachian Virginia field test, the Class II UIC permit will be 
obtained through USEPA Region 3, since Virginia does not have primacy over that 
Class II program. However, obtaining the required permit should not present a 
problem because the field project is expected to be conducted on a large lease with 
the coal owners’ approval for CO2 
injection. For the Central 
Appalachian test site, permitting 
requirements will be similar to 
those in Alabama, as West 
Virginia also has primacy over its 
Class II program. 

4.3 Saline Formation 
Opportunity Area 

The Saline Formation opportunity 
centers on a Southern Company 
power plant where suitable 
geologic storage has been 
identified. It is located along the 
southern boundary of the 
Mississippi Interior Salt Basin 
above the Wiggins Arch (Figure 
8), which separates the 
Mississippi Interior Salt Basin 

Figure 8 – Louisiana-Mississippi Salt Basins 
Province with Approximate Location of the 
Wiggins Arch 
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from the DeSoto Canyon Salt Basin. The Mississippi Interior Salt Basin contains 
numerous salt-tectonic structures such as salt domes, ridges, and anticlines. South 
of the site area, sediment dips southward under the Gulf of Mexico. 

Opportunities exist in more than 20 sandstone and carbonate units of Jurassic 
through Tertiary age (Norphlet through Wilcox formations), with some of the better 
opportunities being in the Tuscaloosa-Eutaw siliciclastic section. These latter 
reservoirs are attractive because they are relatively shallow at 8,000 feet and up, but 
more than deep enough to host supercritical fluids. They also have high porosity, up 
to about 30 percent, and excellent permeability up to 500 millidarcies for the Eutaw 
reservoirs and up to 1000 millidarcies for the Tuscaloosa. 

The Eutaw reservoir is a marine shelf sandstone found at about 8,000 feet near the 
major salt domes in the site area, while the Tuscaloosa, Dantzler, and Paluxy 
reservoirs are found at depths of 9,000 to 11,000 feet. Additional reservoirs are 
located at depths up to 22,000 feet.  

CO2 sources are plentiful in the area and include ethanol plants, refineries, fertilizer 
plants and gas processing plants. Denbury also is considering an extension of their 
CO2 transportation line to the south to pick up additional markets. This could provide 
the test site a back-up source of CO2 should industrial sources of CO2 not be 
available or too costly.  

Using the reservoir attributes of Cretaceous through Jurassic-age aquifers in the site 
area, we calculate 550 Bscf of CO2 storage capacity (0.0081 GtC) per square mile of 
structural closure has been estimated. 

This area will be of sufficient scale to validate the feasibility of CO2 sequestration 
options in the region. The site is located in a geological setting near numerous coal-
fired power plants that could support significant storage of future CO2 emissions in 
the region.  
The project’s ultimate goal is to locate suitable geologic sequestration sinks in 
proximity to large coal-fired power plants. The primary CO2 geological storage 
options for the SECARB region are the extensive saline aquifers that underlie many 
of the power plants in the region including the Cretaceous-age Eutaw saline aquifer 
in the south-central portion of the region. A successful field test in the Eutaw saline 
aquifer, including the design, implementation and monitoring of this field test, will 
significantly help USDOE’s National Energy Technology Laboratory (USDOE/NETL) 
meet the CO2 geological storage goals set forth in the Carbon Sequestration 
Roadmap including:  

• gaining an improved understanding of the factors affecting CO2 storage 
performance and capacity in an important class of saline aquifers;  

• demonstrating the ability to predict CO2 storage capacity within ±30% 
accuracy; and  

• developing field practices to optimize CO2 storage.  
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Close integration of in-depth reservoir modeling, pilot site monitoring, and rigorous 
site installation design and operation will ensure that this field project will contribute 
to these important USDOE/NETL goals. 

4.3.1 Suitability 

The primary CO2 geological storage options for the SECARB region are the 
extensive saline aquifers that underlie many of the power plants in the region. Work 
performed during Phase I shows that geologically favorable saline aquifers underlie 
Alabama, Florida, Louisiana, Mississippi, east Texas and Tennessee. Future work is 
expected to show that favorable saline aquifers and CO2 storage potential also 
underlie Arkansas and portions of Georgia. The Mississippi Salt Basin project will be 
of sufficient scale to validate the feasibility of the CO2 sequestration options in this 
region and will be sufficiently representative of the geological and geographical 
settings of the region for its results to be transferable throughout the region. The 
project site, itself, will be in a geological setting capable of supporting significant 
storage of future CO2 emissions in the region.  

4.3.2 Site Availability  

The saline formation focus will be conducted at a Southern Company power plant 
where suitable and accessible geologic storage has been identified. The proposed 
geologic CO2 storage is located in the Cretaceous-age Eutaw formation. This is high 
permeability sandstone with 60 feet of inter-formational shale seal at 7,500 feet of 
depth. A considerable number of wells have been drilled through the Eutaw saline 
aquifer formation near the potential CO2 storage site. These wells will provide 
valuable information on conducting the initial pre-drilling evaluation of the formation 
and for designing the testing, monitoring and drilling program. 

4.3.3 Permitting Requirements 

SECARB will ensure that the test site permitting requirements of the state and local 
area are fully satisfied, that NEPA, Environmental Assessment (EA) and 
Environmental Impact Statement (EIS) requirements are met, and that a valid CO2 
injection and storage permit is obtained. To these requirements, the SECARB team 
will: 

• provide a roadmap for permitting the saline aquifer field test site in the region;  
• consult with federal and state regulatory permitting agencies for guidance and 

information;  
• satisfy the local, state and federal permitting requirements to conduct the 

saline aquifer test site project, including transportation, storage monitoring 
and risk assessment; and,  

• track changes to the regulatory requirements for sequestration in the region.  
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The field test team is highly experienced in permitting and UIC issues. The team will 
analyze permitting options, as well as the logistics of CO2 and flue-gas injection 
under current UIC guidelines. The analysis will identify regulatory pathways for CO2 
sequestration and will identify areas where state regulations and/or federal UIC 
regulations should be adjusted to accommodate CO2 sequestration activities. 

5.0 ACTION PLAN 

As part of SECARB’s Phase II Action Plan, SECARB will continue to refine Phase I 
concepts and will begin to validate, through field testing, sequestration technologies 
and corresponding infrastructure approaches related to regulatory, permitting and 
outreach. The multi-partner collaborations that developed during Phase I will 
continue in Phase II. 

SECARB’s Action Plan includes three diverse field tests to be conducted over a four-
year period. Each field test can be broken down into five activities: project definition, 
design, implementation, operations, and closeout/reporting. In addition, the Action 
Plan includes work in continued characterization of regional sequestration 
opportunities; cross-cutting services for education and outreach; regulatory issues 
and permitting; monitoring, measurement and verification (MMV) technology 
deployment; geographical information systems (GIS) data presentation; and project 
management. 

5.1 Field Test 1 (FT1): Gulf 
Coast Stacked Storage 
Action Plan 

FT1 is an expansion of work 
completed under Phase I by 
SECARB. The project focuses 
on oil and gas reservoirs and 
brine formations to 
demonstrate advanced 
methods of CO2 injection and 
monitoring for EOR and long-
term geologic storage. 
Because of the large number 
of potential EOR projects as 
well as the large number of 
saline reservoirs, the Gulf 
Coast is the area of focus for 
this field test. Figure 9 shows 
the target area. 

 

Figure 9 – Target Area for the Gulf Coast Stacked 
Storage Project 
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5.1.1 Project Definition  

This field test is designed to evaluate the potential for injecting CO2 into multiple 
horizons, coupling an EOR effort to provide an economic benefit to the project with 
sequestration efforts in saline reservoirs “stacked” in close proximity.  

Each field under evaluation will have an initial reservoir characterization completed, 
and a preliminary CO2 injection simulation will be performed. Candidate fields will be 
narrowed to one site for the field test. Field-wide simulation will be performed for the 
amount of CO2 to be injected, and the models recalibrated for any changing 
reservoir parameters. As FT1 goes into full field injection, the simulation model will 
be validated and updated as necessary through injection and post injection phases, 
with a final summary on how accurately the simulation predicts CO2 injection flow 
and subsequent oil volumes produced. 

Public outreach is key to a successful Phase II CO2 injection project. As archived in 
the Frio Brine Pilot project, SECARB envisions significant interaction and education 
of the local and regional stakeholders in this process. These parties will include 
several NGO’s, such as the Environmental Defense Fund, National Resources 
Defense Council, Houston Sierra Club and Texas Nature Conservancy. In addition, 
communication with local residents, schools, newspapers and governmental 
institutions will occur. 

5.1.2 Design  

The Gulf Coast team will determine preinjection baseline characterization of CO2 
concentrations that are considered normal. Subsurface characteristics of oil and 
brine reservoirs also must be determined prior to drilling in order that fluid changes 
are verified at depth after injection. Specific reservoir characteristics, such as 
structural dip, depositional stratigraphy and internal fluid type with specific 
temperature and pressures will be determined. Technical design of the pilot CO2 
injection project will occur over the first two years of the project. The design will 
focus on assessing an optimal operating oil-field site for both oil reservoir injection 
and brine injection over time. The proposed stacked storage model will require two 
state permits. One will be a Class II permit for the CO2-EOR process; the other will 
be a disposal-well permit.  

5.1.3 Implementation  

The field team will reuse existing infrastructure (road, well, and well pads) as much 
as possible to minimize environmental impact and reduce cost. New surface 
installations will be minor and include one or two new wells, most likely placed on 
existing pads, and an array of low-impact, surface monitoring stations with small 
cement pads or markers for repeat surface surveys. SECARB will work with regional 
experts to ensure that the engineering is excellent and all regulatory and health and 
safety requirements are met. 
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Observational wells will be installed to observe CO2 concentration changes and 
associated pressure and temperature variations during injection. A critical aspect is 
the impact of CO2 at depth on fault-seal integrity. The injection well will undergo 
completion to ensure hole integrity, to guarantee that the CO2 is injected into the 
correct reservoir interval, and that the interval of interest can be traced to other well 
bores. Workover of any existing production wells and using idle wells for monitoring 
will be employed as needed to maintain seal integrity of the reservoir while 
minimizing project costs. Surface access will be obtained to facilitate the installation 
of shallow, vadose-zone monitoring wells to validate that no CO2 has infiltrated from 
the injection level to the shallow-drinking-water or surface-water zones. The 
reservoir container will be characterized to determine optimal injection criteria, as 
well as logging responses expected during injection in monitoring and producing 
wells. The core analysis performed will address these issues. 

5.1.4 Operations  

Injection operations will be similar to those performed at the Frio Brine Pilot site.  At 
the site, the CO2 will be repressured to the required reservoir conditions utilizing 
Praxair injection equipment and processes. The experiment is planning on injection 
of up to 15,000 metric tons of CO2 over a five-month period at 3,000 metric tons per-
month. Longer term considerations of using low-pressure pipeline facilities at 
specific sites will be considered where practical but are not anticipated to be 
economically feasible for the field test, only for post-test, full-injection 
implementation. 

In the stacked storage experiment, SECARB will build on the Frio Brine Pilot 
experience to define effective monitoring strategies for interaction of CO2 injection 
with faults; distribution of pressure in the near and far field during and after injection 
and impact on fluid flow and deformation; and near-surface monitoring in a high-
water-table wetlands setting with a diverse ecosystem and surface utilization.  

It is critical to conduct a successful CO2-EOR project in order to fund injection at a 
scale sufficient to support the monitoring strategy. The following tools will be 
assessed prior to field activity, and those proving viable will be fielded: a cased, low-
angle observation bore hole that crosses the sealing fault and accesses CO2 plume 
development and sweep; pressure, temperature and EM tools permanently installed 
with the casing of this observation well; a suite of open- and cased-hole logs 
repeated through time in all available well bores to monitor plume evolution and 
observe any changes above the injection zone; an array of tilt meters on the surface 
and/or down hole; injected suites of partitioning and nonpartitioning tracers in brine 
and CO2 to track fluid interactions and migration; near-surface monitoring for gas 
composition and tracer; and ecosystem monitoring for any impact related to CO2 
leakage. In addition, SECARB will assess the feasibility of detecting CO2 using down 
hole, crosswell or surface geophysics in the selected well configuration. If these 
seismic methods could contribute, SECARB will seek additional funding to field the 
instrument. Three groups of instrument designers will work with the team during the 
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first year: Lawrence Livermore National Lab; Lawrence Berkeley National Lab; and 
the Diagnostic Instrumentation Analysis Laboratory (DIAL) at Mississippi State 
University (MSU).  

Risks to the success of this project are in three main areas: health and safety; tool 
failure; and leakage of CO2 out of the reservoir interval. Health and safety aspects 
will follow all current Occupational Safety and Health Administration (OSHA) and 
state regulations for the transport of CO2, its injection and operation of all associated 
equipment. The ability to acquire meaningful measurements for each experiment run 
will determine the project’s success. Pre-drilling modeling of reservoir conditions and 
collection of previously determined production and reservoir data will be utilized to 
define reservoir and bore hole conditions to allow the proper calibration of tools to 
those conditions. Much of the experiment will focus on the placement of both down 
hole and surface monitoring tools that will be state of the art in detecting small 
changes in CO2 concentrations. 

SECARB will determine the preferred method of transporting CO2 to the selected 
field. Two options include compressed liquid via truck or barge and low-pressure gas 
via existing pipeline. CO2 will be an essentially pure commercial product. SECARB 
will continue to evaluate emerging capture options, both in industrial and power plant 
settings, which are critical to long-term application of the technology.   

Injection of CO2 (a key milestone) will start operations. The project plan calls for a 
minimum of 7,500 metric tons of CO2 and up to 15,000 metric tons of CO2 for 
injection. The injection operator will maintain the safety environment for the project 
and will collect all injection data as to volume, rate and pressures utilized. This 
information will validate injection and production models for tracking injection fronts 
and production efficiencies across the field. SECARB will perform post-injection 
assessments. Information collected will be utilized in validating injection and 
producing models for tracking injection fronts and production efficiencies across the 
field. Monitoring will continue for an extended time after injection, both in the 
subsurface to determine storage of the CO2 and at the surface to ensure that escape 
of CO2 from the subsurface injection area does not occur. During the course of the 
project, the SECARB team will engage local media, interested governmental bodies 
and local residents.  

5.1.5 Closeout/Reporting  

At the conclusion of the project a post operation discussion of activities and results 
will be presented to USDOE and other interested parties. Discussions will continue 
with the local operator on continued use of the field site for experimentation on other 
possible projects and to determine whether EOR aspects were successful enough 
for the operator to move to a full-phase recovery project. If this does occur, then 
interaction with the operator and supplier of CO2 for longer range storage projects 
will continue. 
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5.2 Field Test 2 (FT2): Coal 
Seams Action Plan  
The action plan focuses on coal 
seams with high methane 
content and unminable coal 
seams in the vicinity of existing 
coal fields extending from the 
Appalachian range, 
southwesterly into the Black 
Warrior Basin and towards the 
Gulf Coast. This field test will 
demonstrate CO2 injection for 
ECBM in the southeastern 
United States. Also, this field 
test will investigate CO2 
sequestration in unminable coal 
seams and address a 
breakthrough concept for 
sequestering a full range of 
coal-fired power plant 
emissions. Two field test areas have been identified, one in the Central Appalachian 
Basin of Virginia, West Virginia, and Kentucky and one in the Warrior Basin of 
Alabama. These areas are shown in Figures 10 and 11 respectively. 
5.2.1 Project Definition  

Geological assessment of coal 
seams and GIS development 
will continue. The Black Warrior 
Basin has been assessed in 
detail; however, similar 
assessments are lacking for 
some areas of the Central 
Appalachian Basin and for the 
coalfields of the Alabama thrust 
belt. Regional characterization 
activities will focus on 
sequestration potential of CBM 
reservoirs in the Cahaba and 
Coosa coalfields of the 
Alabama thrust belt, where no 
assessments of sequestration 
and ECBM potential are 
available. Regional geologic 
mapping for the Central 
Appalachian Basin will be 
expanded into neighboring counties in Kentucky and southern West Virginia.  

Figure 10 – Sequestration Target Areas for the 
Central Appalachian Basin in SW VA, KY, and WV 
(CBM Content Map) 

Figure 11 – Sequestration Target Areas for the 
Warrior Basin in Alabama 
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SECARB will review characterization study results to determine optimum sites for 
core hole drilling and testing for pilot injection of CO2. Approximately four well sites in 
both Central Appalachia and Alabama will be reviewed for possible selection as pilot 
sites. The results of geological characterization will be used to select the final test 
sites and to determine the precise well design and monitoring plan.  

Reservoir modeling is an important component in understanding the mechanisms at 
work in carbon sequestration within coal seams. As such, the process will require 
the gathering of production history and detailed geologic information for each of the 
prospective pilot locations. A history match will be synthesized from these data sets. 
Multiple sensitivity runs then will be conducted concerning the injection of CO2 (rate, 
pressure and duration) and production controls at offset producers (rate, pressure), 
which should contribute to the design aspect of the pilot by providing estimates of 
the necessary CO2 volumes, expected operating conditions and a baseline 
expectation. 

The public outreach and education activities for the Coal Seam Project should be 
initiated early and span the entire schedule, beginning with the assembly of an 
advisory committee at the start of the project that will include a broad range of 
stakeholders, including gas producers, utilities, regulators and landowners. A 
vigorous technology transfer program will be conducted throughout Phase II and will 
include development of a project website, presentations at technical meetings and 
publications. A local outreach program in both Alabama and Central Appalachia will 
develop a grassroots group to enlighten citizens in the area on the positive benefits 
the sequestration program offers. A speaker’s bureau will be created to engage and 
educate elected officials (local, regional, state), chambers of commerce, civic 
organizations and educational communities through printed publications and 
PowerPoint presentations. 
5.2.2 Design  

Four types of reservoir modeling efforts provide the basis for design:  

• review of the selected primary injection site’s basins;  
• rigorous history matching and assessment of the preferred CO2 injection 

sites; 
• mid-course reservoir modeling to assess the performance of the project 

against expectations; and  
• post-project history matching and performance prediction of the CO2 

sequestration pilots and their implications to CO2 storage in the basins.  

After the locations of the test sites are determined, three core holes will be drilled 
around each production well and the specific pilot design will be determined on the 
basis of the baseline reservoir models.  

5.2.3 Implementation  
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This program will make use of existing CBM wells. Therefore, the principal 
construction requirements under this program will be the drilling of core holes and 
the installation of monitoring apparatus. Three core holes will be drilled around the 
production well immediately after the location of the test site is finalized. These holes 
will be about 75 to 150 meters from the production well, and the precise locations 
will be determined on the basis of our baseline reservoir models. After the cores are 
removed for analysis, the core holes will be converted into monitor wells. A similar 
monitoring design was employed at the Rock Creek test site in the Black Warrior 
Basin, which was used to develop CBM completion technology (Spafford and 
Stubbs, 1989; Koenig, 1989). Isolation packers and slim hole monitoring equipment 
will be installed to observe reservoir pressure and gas composition. Shortly 
thereafter, shallow slant holes will be drilled and monitoring equipment will be 
installed to analyze gases in near-surface fractures. 

Risk analyses will be performed and include review of the feasibility of the proposed 
pilot tests and assessment of environmental risks. Integration of geologic, 
geophysical, laboratory, reservoir and production data will be necessary to complete 
this task. Monitoring and verification implementation will focus on two approaches: 
(1) deep well monitoring; and (2) shallow subsurface monitoring. To prepare for field 
testing, the core holes will be converted to deep monitor wells by an oilfield service 
company, and three shallow wells will be drilled for shallow monitoring in the Black 
Warrior Basin pilot. Baseline data will be collected for a minimum of three months 
before injection-falloff and production testing begins. Monitoring equipment will be 
installed in the shallow wells to monitor CO2 levels. Baseline data on natural CO2 
levels will be measured for at least three months prior to deep well testing. Any 
required leases, surface owner agreements, state drilling permits and Class II 
permits from the EPA will be obtained prior to implementation. 

5.2.4 Operations  

A sequence of parallel tests will be performed in Alabama and Central Appalachia in 
order to allow proper evaluation of each basin. These tests will be staggered to allow 
for proper funding and minimize replication among the proposed pilot tests. Pilot 
project operations will constitute a series of injection-falloff and production tests 
similar to those performed by the Alberta Research Council (Law, 2004). The total 
amount of CO2 required for each injection program is estimated to be 1,000 metric 
tons. However, higher injection volumes are anticipated for the horizontal multi-
lateral injection pilot in the Central Appalachian region. Reservoir pressure and gas 
composition will be monitored in the deep monitor wells throughout the injection 
testing. Deep monitoring will continue for at least three months after the injection 
tests are completed. Similarly, gas composition will be monitored in the shallow 
monitor wells at the Alabama site throughout the injection tests, and shallow 
monitoring also will continue for at least three months after the injection tests are 
completed to ensure that no leakage occurs. 
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Injection operations at each of the proposed coal seam test sites will comprise a 
series of injection-falloff and production tests similar to those performed by the 
Alberta Research Council in Canada and China (Law, 2004). Prior to injection, a 
production and pressure-buildup test will be performed in three separate coal zones 
to analyze pressure response and permeability near the production well. Next, a 10- 
to 15-ton slug of CO2 will be injected into each coal zone to determine the pressure-
falloff response of the reservoir to CO2 and then a second set of production tests will 
be performed. After this, a larger slug of up to 100 metric tons of CO2 will be injected 
and pulsed injection tests performed. Additional injection tests will follow this step, 
and the size and timing of these tests determined on the basis of the initial results of 
production and injection-falloff testing. A final production test will be performed to 
analyze changes in reservoir properties after the injection tests are complete. The 
total amount of CO2 required for each injection program is estimated to be 1,000 
metric tons. However, the test procedure and CO2 requirement may be changed 
somewhat for the multi-lateral horizontal test after initial modeling is complete. 

Monitoring and verification will focus on two approaches: deep well monitoring; and 
shallow subsurface monitoring. After the three core holes are drilled at each test site, 
they will be converted into deep monitor wells. Packers will be installed to isolate 
three separate coal zones. Slim hole equipment for observing reservoir pressure and 
gas composition will be installed between the isolation packers to monitor reservoir 
pressure and gas composition (CO2 and methane). Baseline data will be collected 
for a minimum of three months before injection-falloff and production testing begins, 
and data will continue to be collected during the well testing and for at least three 
months after the testing is completed. Pressure response and gas composition will 
be mapped using the data from the observation wells, and reservoir models will be 
refined on the basis of the data.  

Southern Company Services will perform surface and shallow subsurface monitoring 
in Alabama consisting of approximately 30 surface sampling stations and three 
shallow wells that will be drilled directionally. Infrared gas analyzers with 
accumulation chambers will be used to measure CO2 flux using the methods of 
Ghafurian et al. (1998) and Galdiga and Greibrokk (2000). The three wells will be 
drilled into bedrock below the soil zone to analyze gases in fractures and to minimize 
false-positive CO2 readings caused by bacterial action within the soil profile. 
Baseline data on natural CO2 levels will be measured for at least three months prior 
to deep well testing, and testing will continue for at least eight months after the 
injection-falloff and production tests are completed. One shallow monitor well will be 
drilled near the production well to test for leakage near the injection site, another will 
be installed above the main hydraulic fractures that extend laterally from the 
production well and a third will be installed in a location remote to the production well 
and other monitor wells. 

The principal risks associated with the injection experiments are leakage of CO2 and 
dilution of CH4 with CO2 in nearby production wells. The small amount of CO2 
required for the injection tests will minimize risk by limiting the probability of leakage. 
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Also, the small amount of CO2 to be injected under this program should not travel 
more than 150 meters from the wellbore and thus should not affect the quality of gas 
produced in nearby wells. The deep monitoring program for gas composition will be 
sufficient to determine if communication of gas between coal zones occurs. The 
shallow monitoring program, similarly, will be used to determine if seepage of 
injectate at the surface is a problem at the Alabama pilot. If surface seepage is a 
problem there, then injection rates will be reduced, or the injection tests will be 
terminated. If communication between coal zones occurs, injection pressures and 
volumes will be adjusted to minimize communication. 

CO2 will be purchased from a commercial source. Transportation to the well site will 
be by tanker trucks, which hold up to 30 metric tons of CO2. The CO2 will be warmed 
to surface temperature and injected directly from the trucks. The CO2 that is used in 
the injection tests will be relatively pure and contain no significant impurities that will 
impact the project results. An identified supplier of bulk liquid CO2 is Praxair in 
Marietta, Ohio. From Marietta, the CO2 will be shipped by tanker truck to the 
proposed pilot area in Central Appalachia. 

A sequence of parallel tests will be performed in Alabama and Central Appalachia in 
order to allow proper evaluation of each basin. These tests will be staggered to allow 
for proper funding and minimize replication among the proposed pilot tests. Pilot 
project operations will constitute a series of injection-falloff and production tests 
similar to those performed by the Alberta Research Council (Law, 2004). The total 
amount of CO2 required for each injection program is estimated to be 1,000 metric 
tons. However, higher injection volumes are anticipated for the horizontal multi-
lateral injection pilot in the Central Appalachian region. Reservoir pressure and gas 
composition will be monitored in the deep monitor wells throughout the injection 
testing. Deep monitoring will continue for at least three months after the injection 
tests are completed. Similarly, gas composition will be monitored in the shallow 
monitor wells at the Alabama site throughout the injection tests, and shallow 
monitoring also will continue for at least three months after the injection tests are 
completed to ensure that no leakage occurs.  

5.2.5 Closeout/Reporting  

During Year 4, activities will focus on interpretation and assessment of the pilot 
validation test results. The Coal Seam team will interpret the results of deep and 
shallow monitoring and refine reservoir models using the injection-falloff and 
production data and obtain a history match. A base forecast will be supplied to 
understand the potential movement of CO2 over geologic time. Various sensitivity 
parameters will be reviewed, such as caprock permeability and vertical permeability 
within the coals, to aid in the understanding of long-term storage and migration of 
CO2 within coal seams. The results of injection testing will identify best practices for 
CO2 sequestration, vertical versus horizontal well injection efficiencies, ECBM, 
monitoring and regulation. Well tests and model results will be used to revise 
procedures for assessing sequestration capacity and ECBM potential in other coal 
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basins. The proposed injection tests for CO2 constitute an early step in realizing the 
acid-gas sequestration potential of coal. Modeling efforts and analysis of regulatory 
factors also will explore the possibility of sequestering multiple acid gases in coal, a 
breakthrough technology with the potential for low cost, permanence and large 
global capacity. 

5.3 Field Test 3 (FT3): Saline Formation Action Plan 

The project focuses on the 
ultimate goal of locating 
suitable geologic 
sequestration sinks in 
proximity to large coal-fired 
power plants. Funds will be 
used specifically for 
investigating the geologic 
formations in proximity to 
EPRI’s proposed Test 
Center. The Test Center 
team will assemble the 
available deep well logs, 
core analyses and other 
geological data to build a 
geologic and reservoir 
model. The team will use its 
COMET2 reservoir simulator 
to estimate CO2 injectivity plus long-term CO2 storage capacity and fate. The team 
also will run the models for a longer time period to fully assess the CO2 storage 
potential of the saline aquifers in this area. Figure 12 shows the location of saline 
aquifers relative to power plants in the Mississippi, Alabama, and Florida Panhandle 
area, along with locations of oil and coalbed methane producing areas. 

5.3.1 Project Definition 

The Test Center team will specify the well pad and infrastructure criteria, prepare the 
drilling, casing and completion plan, define the surface facility requirements, identify 
the reservoir characterization and testing plan for the injection and monitoring wells, 
and conduct numerous other pilot test site planning and preparation tasks. The team 
will: (1) support Southern Company and the local plant management involved in the 
test site project with initial information and distribution materials on the proposed 
project; and (2) work with Southern Company to prepare an action plan for informing 
the public and gaining their acceptance. 

The FT3 team will build a detailed geological and reservoir model of the proposed 
test site, including conducting a sequence of reservoir simulations to estimate 
injectivity, storage capacity and long-term fate of injected CO2. The project will 

Figure 12 – Proximity of Power Plants Relative to 
Saline Aquifers in the Mississippi, Alabama, and 
Florida Panhandle Area
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assemble the available deep well logs, core analyses and other geological data to 
build a geologic and reservoir model of the proposed saline aquifer test site. The 
Test Center team will use the COMET2 reservoir simulator to estimate the CO2 
injectivity and the long-term CO2 storage capacity and fate of the injected CO2 of the 
site. The team will run the model to match the injection rate and flow performance of 
CO2 injection at the test site to conduct a “history match” that will provide confidence 
in the CO2 storage properties of the Eutaw formation in the plant area. Next, the 
model will be run for much longer time periods and for a larger geographic area to 
predict the CO2 storage potential of the Eutaw saline aquifer in this portion of the 
SECARB region.  

To help define the CO2 storage potential of the area, a sequence of four reservoir 
modeling efforts will be conducted during Phase II. These will be:  

• initial “screening modeling” to verify the selection of the primary site;  
• rigorous assessment of the preferred CO2 injection site after obtaining actual 

reservoir data from the slim hole monitoring well;  
• numerous sensitivity runs to establish injectivity and storage; and, 
• mid-course reservoir modeling to assess the performance of CO2 injectivity 

and flow prediction.  

FT3 will assist Southern Company and the local plant management with initial 
information and distribution materials on the proposed project. FT3 will work with 
Southern Company to prepare an action plan with clearly defined roles for Southern 
Company management staff, SECARB and the plant pilot project staff for informing 
the public and gaining their acceptance. The team will provide periodic updates of 
the project to Southern Company and SECARB staff in a form that can be readily 
submitted to the public at large. FT3 will design plans using insights from the 
successful public outreach and education efforts by the USDOE/NETL sponsored 
BEG Frio saline aquifer project in Texas and the AEP Mountaineer CO2 
sequestration project in West Virginia. FT3 also will ensure that the project complies 
with the public involvement requirements set forth for NEPA and regulatory 
permitting. In addition to providing information to the public using local newspapers 
and media advertising, FT3 will help Southern Company hold public education 
programs at libraries, schools and local businesses and provide information to and 
personal visits with local and state officials interested in the saline aquifers CO2 
sequestration project in the SECARB region. 

5.3.2 Design 

FT3 will procure and transport approximately 3,000 metric tons of CO2 and inject it 
over 30 days of operation. The total volume of CO2 injected will depend on the costs 
which are projected to be $100 per ton. The Test Center team will set forth the CO2 
storage and monitoring protocols for the saline aquifer’s field test site including (as 
appropriate) “shooting” of baseline and subsequent seismic, pressure and fluids 
sampling by the observation wells and the linkage of reservoir simulation-based 

DE-FC26-03NT41980

SECARB Deliverables Appendix Document
Volume I

Page 412 of 548



  Southern States Energy Board 
DE-FC26-03NT41980 

51

projections of the movement and fate of CO2 with actual observations. The MMV 
protocol description includes the costs of installing and operating each protocol. Test 
site permitting will ensure that NEPA, EA and EIS requirements are met and that 
valid permits are obtained. For the saline aquifer test site, the team will: (1) provide a 
roadmap for permitting saline aquifer test sites in the region; (2) consult with federal 
and state regulatory permitting agencies for guidance and information; (3) satisfy the 
local, state and federal permitting requirements to conduct the project, including 
transportation, storage monitoring and risk assessment; and (4) track changes to the 
regulatory requirements for sequestration in the region.  

5.3.3 Implementation  

The first step will be to characterize the reservoir. A slim hole reservoir 
characterization well will be used to acquire subsurface data to conduct the detailed 
pre-injection well drilling characterization of the test site. Later, this well will be used 
to provide future reservoir access for monitoring and observing the flow and storage 
of CO2 in the Eutaw saline aquifer. As part of the slim hole well reservoir 
characterization effort, a full suite of geophysical logs will be obtained, pressure 
transient testing on reservoir zones of interest will be conducted, and the formation 
and overburden stress evaluated.  

The well logging will provide vital information on the porosity and net reservoir 
thickness of the Eutaw formation in the test site area, essential for estimating the 
CO2 storage potential in the test site area. The pressure transient testing will provide 
a first-order estimate of the reservoir permeability, necessary for calculating CO2 
injectivity in the test site area. The confining stresses of the shale formations 
adjacent to the primary CO2 injection zones will be evaluated to provide an 
assessment of the competence of the reservoir seal.  

After drilling, logging and testing of the slim hole well in the Eutaw formation, the 
next step will identify the specific location and prepare the well pad for the CO2 
injection well. This will involve examining the surface characteristics of the area, 
identifying the need for new roads or alternative site access, and establishing the 
size, disposal requirements and environmental impacts of establishing the well site. 
It will also involve arranging for site clearance; well pad construction and protective 
fencing. The final step is to procure the well drilling, well completion, and surface 
equipment for the test site.  

Site-specific reservoir characterization will be conducted beginning with a slim hole 
reservoir characterization of wells along with well testing and analysis to acquire 
detailed subsurface data. A suite of geophysical logs will be obtained and pressure 
transient testing on reservoir zones of interest will be conducted. The confining 
stresses of formations adjacent to the primary CO2 injection zones will be evaluated. 
The Test Center team expects three months for site preparation, well drilling and 
installation of facilities. The team will define and conduct the work designed to 
establish the baseline conditions for the field test site, including a high resolution 2-D 
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seismic survey, soil sampling, reservoir fluid sampling and the characterization of the 
reservoir seal and bounding layers. 

5.3.4 Operations  

As part of this effort, the FT3 team will specify the CO2 injection and testing plan for 
the injection and monitoring wells. The current plans are to inject approximately 
3,000 metric tons of CO2 and to observe its movement and storage in the saline 
aquifer formation. We will review these plans with the outside experts to ensure that 
out injection and monitoring expectations are sound. Particular attention will be given 
to avoiding and reducing wellbore corrosion problems from the acidic CO2 and water 
solution during the injection of CO2. 

The FT3 team will set forth the CO2 storage and monitoring protocols for the saline 
aquifers field test site. This will include (as appropriate) baseline and subsequent 
seismic surveys, pressure and fluids sampling by the observation wells, and the 
comparison of reservoir simulation-based projections of the movement and fate of 
CO2 with actual observations. The team will define and supervise the 
implementation of work designed to establish the baseline conditions for the field 
test site. This will include conducting a high-resolution 2-D seismic survey, soil 
sampling, reservoir fluid sampling and the characterization of the reservoir seal and 
bounding layers. The current plan is to shoot two ten-mile 2D seismic lines over the 
field test site, to provide the important “baseline.” This will be followed by shooting 
two additional ten-mile seismic lines after CO2 injection to track the movement and 
storage of the CO2. The fluid sampling plan will include taking fluid measurements in 
the monitoring well to gain an understanding of CO2 saturation in the field test site 
area.  

Risk analysis will include examination of the pilot project operation and assessment 
of future environmental risks. This task will be conducted and performed as an EA, 
reviewing the potential risks relevant to a given pilot site(s). Integration of geologic, 
geophysical, laboratory, reservoir and production data will be necessary to complete 
this task. Highlights of this analysis should consider caprock integrity, quality of 
stored CO2, movement profile, MMV and duration of storage, with significant portions 
of this information being derived from the reservoir modeling. More specifically, this 
task will review and assess the potential economic and environmental risks involved 
in pilot and large-scale CO2 injection projects due to contamination of offset wells, 
carbonic acid induced corrosion, contamination of groundwater or other horizons, 
and possible facility incidents. Land, regulatory, safety, operational, gas processing 
and logistical issues, that could present obstacles to pilot or large-scale 
implementation projects also will be reviewed. 

The FT3 team’s preliminary plan is to purchase 3,000 metric tons of CO2 and 
transport it under pressure to the test site. While we have yet to establish the source 
of CO2, FT3 has identified a number of viable options, including ethanol plants, 
refineries, fertilizer plants and gas processing plants in the area. We also are familiar 
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with Denbury’s plans to extend their CO2 transportation line south. This provides the 
test site a back-up source of CO2 should industrial sources of CO2 not be available 
or too costly. 

Based on the volume of CO2 to be injected, the test site will operate actively for 30 
days, with monitoring and passive operations to follow. Selected MMV protocols, 
including a second high resolution 2-D seismic survey, will ensure that the sampling 
plan, frequency and number of samples taken and the overall operations of MMV at 
the saline aquifer test site meet the protocol design. Mid-course reservoir modeling 
will assess the performance of the project and its implications to CO2 storage in the 
basins 

5.3.5 Closeout/Reporting  

At the conclusion of the project a post operation discussion of activities and results 
will be presented to USDOE and other interested parties. The Test Center team will 
provide detailed analysis to establish the economic and CO2 storage implications for 
the overall SECARB region learned from the performance of the test site. The 
economic model will be used to extrapolate the results from the pilot to basin-scale.  
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Conclusion 

The three field tests focus on promising geologic field options that promote a 
framework and infrastructure necessary for the validation and regional deployment 
of carbon sequestration technologies. In addition, SECARB will allocate significant 
effort to the continued characterization of key areas of the region, validating 
technologies, and identifying locations. SECARB will continue to characterize the 
most promising regional options for CO2 capture, transport, and storage begun in 
Phase I; and the geologic characterization data will continue to be incorporated into 
the GIS system.  

ADDITIONAL DATA RECOVERY 

The team will provide a detailed work plan for completing the geological 
characterization of the SECARB region. The effort will draw on each of the SECARB 
members to prepare a review document identifying the opportunities for filling gaps 
and improving on the Phase I geological characterization for the region. In addition, 
modeling opportunities will be evaluated and the best method selected for use in 
Phase II. New data collection efforts then will be executed. In addition to the new 
data, the data being collected from the three CO2 injection field test sites of Phase II 
will be incorporated into the regional characterization database. The tertiary coals of 
the Gulf Coast Basin recently have emerged as a potential CO2 storage site for the 
power plants in the southern portion of the SECARB region. During Phase II, the 
SECARB will assemble geologic and reservoir information to assess the feasibility 
and CO2 storage potential of this coal belt. SECARB will introduce the use of 
reservoir screening tools and simulation models for calculating CO2 injection, well 
requirements, and potential for CO2 storage for each sink option. These tools will 
enable the development of a regional geological storage assessment and a series of 
more local assessments of the geological CO2 storage potential for each basin in the 
SECARB region. A summary of the potential for each geologic formation will be 
updated with the new information and updated models. 

DATA REDUCTION 

SECARB will continue refining the database and GIS systems and other tools to 
assess sources and sinks, and will input the data into the regional system initiated 
under Phase I. In addition, SECARB will continue to collaborate with NATCARB in 
developing common tools and data formats to ensure connectivity to the distributed 
resources. 

The database/GIS team will work with the three field teams and the continued 
characterization team to input all new SECARB data (e.g., source, sink, 
infrastructure) and any analysis tools developed into the relational database and 
GIS.  
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The database/GIS team will collaborate with NATCARB in developing common tools 
and data formats to ensure connectivity to the distributed resources. The team will 
utilize NATCARB to coordinate with other partnerships on data processing and 
creation. The team will provide ongoing access to digital data through web map 
service. 

GEOLOGIC CHARACTERIZATION 
Each SECARB field test team will be developing, and will contribute, new 
information on geologic characterization that will serve to fill some of the data gaps 
encountered in the initial effort. SECARB also will work on improving assessment 
and analytical tools to be used to address the most promising regional carbon 
sequestration options. Each of the SECARB members will prepare a review 
document identifying the opportunities for filling gaps and improving on the previous 
geological characterization for the region; and new, focused data collection efforts 
then will be initiated. The new data and the data being collected from the three CO2 
injection field test sites will be incorporated into the regional characterization 
database. One of the potential targets for additional investigation is the coal belt 
(Tertiary coals) of the Gulf Coast Basin, a potentially large carbon sink that 
heretofore has not been very well characterized.  
The team will introduce the use of reservoir screening tools and simulation models 
for calculating CO2 injection, well requirements and potential for CO2 storage for 
each sink option. These tools will enable the development of a regional geological 
storage assessment and a series of more-local assessments of the geological CO2 
storage potential for each basin in the SECARB region. A summary of the potential 
for each geologic formation will be updated with the new information and updated 
models. 

REGIONAL OPPORTUNITIES 

SECARB will develop an updated analysis of the region. The results will be 
incorporated into the SECARB Regional Atlas, with details on the sources, sinks, 
infrastructure, capacity and other significant factors that illustrate the potential to 
sequester carbon in the region. The information will enhance SECARB’s ability to 
assess the most promising opportunities for development of sequestration options. 
The relational database and GIS will continue to be maintained on a server 
connected into the NATCARB system.  

CONCLUSIONS 

The geologic working group for the 11-state SECARB region has conducted a 
general characterization of the region. Data were obtained from a variety of sources, 
including the USGS, USDOE, state agencies, and reports to develop a database of 
information on geological formations that may provide reservoirs for carbon 
sequestration. The data gathered to date were compiled by Augusta Systems, the 
Texas Bureau of Economic Geology, the Alabama Geological Survey, the Virginia 
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Tech Center for Coal and Energy Research, and the Massachusetts Institute of 
Technology.  

The total amount of data that has been examined is very large and provides a good 
overall geological characterization of the region. Specific geological details, 
however, needed for evaluation of smaller areas within the region are not included 
within this initial set of data, with a few exceptions. 

In general, states with historical oil and gas development have more complete data 
than do states without a strong oil and gas industry. For example, there are 
reasonably good data on the Texas formations within the region, which can probably 
be used at least to estimate potential storage volumes and to highlight areas with 
better potential than others. Data for most of the other states with oil and gas 
production, are also reasonably good, but have not had the same degree of analysis 
as the Texas data. Data from states with little or no oil or gas production (e.g., 
Georgia) have little usable data outside of what the USGS has compiled, and 
virtually none of the data are available in electronic form. Direct contact with these 
states resulted in an expressed willingness to help if we can identify the data that 
they might have in their files. 

The initial phase of the project has successfully characterized the region with 
respect to its general geological characteristics. Geological formations amenable to 
carbon sequestration have been verified and an initial database has been 
established. 

The initial data need to be further refined and evaluated along with CO2 sources to 
identify areas needing additional research before attempting sequestration and to 
identify other areas where possible sequestration opportunities already exist. Areas 
that appear to have a contemporary opportunity for sequestration should be further 
screened as to adequacy of existing geological data, additional data requirements, 
and reasonableness of obtaining such additional data. This step is part of the overall 
evaluation of prospective field projects. 

The action plan set forth herein provides an effective program of three field tests to 
provide additional insight into the ability of sites within the southeast states to serve 
as viable opportunities for effective large volume carbon  sequestration in the region.

DE-FC26-03NT41980

SECARB Deliverables Appendix Document
Volume I

Page 418 of 548



  Southern States Energy Board 
DE-FC26-03NT41980 

57

 

Problems Encountered 
No unforeseen problems were encountered. The publicly available data was 
somewhat less comprehensive than had been anticipated, particularly with respect 
to the identification of the important parameters such as formation thickness, 
permeability, and their lateral distributions. Even so, the region could be 
characterized generally with respect to the clear availability of geological formations 
across large parts of the region for potential sequestration sites.   
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Significant Accomplishments 
 
SECARB achieved number of significant milestones including the development of a 
logical strategy for the obtaining the information needed to identify potential regional 
geologic sequestration sites for field testing and evaluation, the assimilation of public 
geological information on coal, oil & gas, and saline formations with potential for use 
in sequestration, and GIS maps were prepared showing the potential for developing 
sequestration options across large parts of the region in oil and gas producing areas, 
with the potential in coal and saline formations expected to provide similar 
opportunities. 

In addition, as part of SECARB’s Phase II Action Plan, SECARB will continue to 
refine Phase I concepts and will begin to validate, through field testing, sequestration 
technologies and corresponding infrastructure approaches related to regulatory, 
permitting and outreach. The multi-partner collaborations that developed during 
Phase I will continue in Phase II. 

SECARB’s Action Plan includes three diverse field tests to be conducted over a four-
year period.  The three field tests focus on promising geologic field options that 
promote a framework and infrastructure necessary for the validation and regional 
deployment of carbon sequestration technologies. In addition, SECARB will allocate 
significant effort to the continued characterization of key areas of the region, 
validating technologies, and identifying locations. SECARB will continue to 
characterize the most promising regional options for CO2 capture, transport, and 
storage begun in Phase I; and the geologic characterization data will continue to be 
incorporated into the GIS system.  
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Appendix: Data Screening Process   

Table 1 – Geological Characterization Parameters 
and Data Requirements Analysis 

Table 1 uses the following indicators for data criticality and precision requirements: 
 

U -data parameter is “useful” but not “critical” to the function/step 

VU -parameter is “very useful” 

 C -parameter is “essential” or “critical” 

 P1 - a relatively “low” level of “precision” is required of the parameter for this step 

 P2 -requires a “moderate” or “medium” level of precision 

 P3  -requires a “high” level of precision for this step 

 P4 -parameter should be “precise” 

 

Table 1 – Data Requirements Analysis 
Criticality and Precision  

Parameter Step 1 Step 2 Step 3 Step 4 Notes, Comments, Other 
Field or Formation Name(s) 
or Identifier(s) - - - - - - - - - - - - - - - - - - - -  

Type (O, G, C, B) C, P3 C, P3 C, P4 C, P4  
Pool U, P2 VU, P2 VU, P3 VU, P4  
Field U, P2 VU, P2 VU, P3 VU, P3  
Play U, P2 VU, P2 VU, P3 VU, P3  
Formation VU, P3 VU, P3 VU, P3 VU, P4  

Locale - - - - - - - - - - - - - - - - - - - -  
State C, P4 C, P4 C, P4 C, P4  
County/Township/District VU, P2 VU, P2 VU, P3 VU, P4  
Coordinates (e.g., Lat-
Long) 

VU, P2 VU, P2 VU, P3 VU, P4  

Other (e.g., x-y contours) VU, P2 VU, P2 VU, P3 VU, P4  
Depth U, P1 VU, P2 VU, P3 C, P3  
Depth Below Drainage (coal) U, P1 VU, P2 VU, P3 C, P3  
Depth Map U, P1 VU, P2 VU, P3 VU, P3  
Gross Thickness U, P1 VU, P2 VU, P2 VU, P3  
Gross Thickness Isopach 
Map 

U, P1 VU, P2 VU, P2 VU, P3  

Net Thickness U, P1 VU, P2 VU, P3 C, P3  
Net Thickness Isopach Map U, P1 VU, P2 VU, P3 VU, P3  
Cumulative Net Thickness 
(coal) 

U, P1 VU, P2 VU, P3 C, P3  

Porosity U, P1 VU, P2 VU, P3 C, P3  
Permeability U, P1 VU, P2 VU, P3 VU, P3  
Heterogeneity (horizontal) U, P1 U, P2 VU, P2 VU, P3  
Heterogeneity (vertical) U, P1 U, P2 VU, P2 VU, P3  
Fluid Saturations - - - - - - - - - - - - - - - - - - - -  

Current O, G, W U, P1 U, P1 VU, P2 VU, P3  
Residual Oil (Imbibition) U, P1 U, P1 VU, P2 VU, P3  
Residual Oil (Drainage) U, P1 U, P1 VU, P2 VU, P3  

Log, Pay Section & 
Overburden 

U, P1 U, P1 VU, P2 VU, P3  

Reservoir Pressures - - - - - - - - - - - - - - - - - - - -  
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Table 1 – Data Requirements Analysis 
Criticality and Precision  

Parameter Step 1 Step 2 Step 3 Step 4 Notes, Comments, Other 
Original U, P1 VU, P2 VU, P2 VU, P3  
Current  U, P1 VU, P1 VU, P2 VU, P3  
Maximum U, P1 VU, P1 VU, P2 VU, P3  

Fluid Production  - - - - - - - - - - - - - - - - - - - -  
O, G, W  - Individually U, P1 U, P1 VU, P2 VU, P3  
O, G, W  - Total U, P1 U, P1 VU, P2 VU, P3  

Original Oil-in-Place U, P1 U, P1 VU, P2 VU, P3  
Remaining Oil Reserves U, P1 U, P1 VU, P2 VU, P3  
Number of Injection Wells U, P1 U, P1 VU, P2 VU, P3  
Number of Production Wells U, P1 U, P1 VU, P2 VU, P3  
Maximum Injection Rate U, P1 U, P1 VU, P2 VU, P3  
Injected Fluid U, P1 U, P1 VU, P2 VU, P3  
Oil Viscosity U, P1 U, P1 VU, P2 VU, P3  
API Gravity U, P1 U, P1 VU, P2 VU, P3  
Rock & Fluid Characteristics - - - - - - - - - - - - - - - - - - - -  

Salinity of brine U, P1 U, P1 U, P2 U, P3  
Minerals (rock, brine) U, P1 U, P1 U, P2 U, P3  
PVT data (brine, CO2) U, P1 U, P1 U, P2 VU, P3  
PVT data (oil, gas) U, P1 U, P1 U, P2 VU, P3  
PVT data (oil, gas, CO2) U, P1 U, P1 U, P2 VU, P3  
Oil Formation Vol Factor U, P1 U, P1 U, P2 VU, P3  

Formation Temperature U, P1 U, P1 VU, P2 VU, P3  
Coal rank U, P2 VU, P2 VU, P2 VU, P3  
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Executive Summary 
 
The US Department of Energy’s Southeast Regional Carbon Sequestration Partnership (SECARB) is 
comprised of the eleven states of Alabama, Arkansas, Florida, Georgia, Louisiana, Mississippi, North 
Carolina, South Carolina, Tennessee, Virginia, and part of Texas.  This report presents the results of 
analyses carried out by Winrock International to estimate the quantity and cost of terrestrial carbon 
storage opportunities in nine of the eleven states in the SECARB region (Figure 1).  Separate unrelated 
work on terrestrial sequestration potential for Virginia and Texas has been prepared by independent 
organizations and is not addressed in this report.   
 
The Winrock analyses for the SECARB states incorporate both spatial (e.g., STATSGO soils maps and 
30 m resolution remote sensing classified maps) and tabular data (e.g. Forest Inventory and Analysis 
data base on forest volume, agricultural statistics).  The study team obtained information about current 
land use (based on 1992 NLCD), potential changes in land use and the incremental carbon resulting from 
the change, opportunity costs, conversion costs, annual maintenance costs, and measurement and 
monitoring costs.  The analyses are performed in a geographic information system (GIS) to include the 
diversity of land uses, rates of carbon sequestration, and costs in the analyses.  In general, this approach 
identifies and locates classes of land where there is potential to change the use to a higher carbon 
content, estimate rates of carbon accumulation for each major potential land-use change activity for each 
land class, assigns values to each contributing cost factor, identifies datasets and methods to estimate 
project risks, and identifies datasets and methods to estimate co-benefits.   
 
The methods used were first developed by Winrock International for an Electric Power Research Institute 
(EPRI) project “Quantifying Carbon Market Opportunities in the United States” completed in 2005.  The 
methods were modified to include more conservative assumptions for growth and yield potential for 
various trees and regional estimates for opportunity costs rather than county-level estimates. 
 
The lands are classified into four main groups: crop lands, grazing lands (including improved and 
unimproved pastures), forests, and other (Table S-1).  Cropland is designated as small grains and row 
crops; grazing lands are designated pasture/hay; and forests include deciduous, evergreen, mixed, 
wooded wetlands, and transitional forest.   
 
Table S-1:  Area of land cover classes in SECARB states. 
 

Area Land Cover
Hectares Acres 

Grazing     11,344,749      28,033,485 
Agriculture     17,178,780      42,449,690 
Forest     70,627,008    174,523,137 
Other     13,394,934      33,099,602 
Total   112,545,471    278,105,914 

 
 
The steps used to estimate the carbon supply for a given change in land use are: 

1. Identify and estimate the area for each potential change in land use  
2. Estimate the quantities of carbon per unit area that could be sequestered for the change in land 

use over a given time period 
3. Estimate the total costs (opportunity, conversion, maintenance, and measuring and monitoring) 
4. Combine the estimated quantities of carbon per unit area with the corresponding area and cost to 

produce estimates of the total quantity of carbon that can be sequestered for given range of 
costs, in $/ton C or $/short ton CO2. 

 
The carbon supply for each opportunity of land conversion is estimated for three time periods: 20 years, 
40 years and 80 years to reflect the impact of duration on the likely supply and to provide an assessment 
for the near–term and longer-term planning horizons.  For existing crop and grazing areas, land is 
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converted through afforestation.  For forestlands, estimates of the potential carbon supply from changes 
in forest management practices were analyzed. 
 
Table S-2 summarizes the projected amount of carbon and the area available for each class of 
opportunities for a selected price point for croplands and grazing lands.  In general, longer time periods 
produce more carbon at lower costs but landowners may be more hesitant to commit land for longer time 
periods.  Due to the lower opportunity costs associated with grazing, afforestation of grazing lands 
provides the most carbon at the least cost. Using a price point of $10/t CO2 ($37/t C), approximately 60% 
of grazing land but only 6% of cropland could be afforested for a 20 year period and almost all grazing 
land would be available for 80 years of afforestation but only 20% of cropland.  
 
Table S-2.  Summary of the quantity of carbon (million tons CO2) and area (million acres) available 
at selected price points on existing agricultural lands after 20, 40, and 80 years. 
 

Activity Quantity of C—million metric tons CO2 Area available—million acres 
  20 years 40 years 80 years 20 years 40 years 80 years 
Crop lands—Afforestation 

   ≤$10/metric tons CO2 203 308 388 2.3 7.7 7.9 
   ≤$15/metric tons CO2 1,612 3,880 4,786 19.3 28 28.6 

Grazing lands—Afforestation 
   ≤$10/metric tons CO2 1,379 3,277 4,310 16 24.4 26.9 
   ≤$15/metric tons CO2 1,735 3,469 4,353 22 27 27.3 

 
 
After 40 years, the amount of carbon sequestered per unit area on crop and grazing lands varies from as 
little as 40 t/ ha (16 t/acre) to as much as 120 t/ha or more (about 50 t/acre) in southern counties (Figure 
S-1).   
 
 

< 40
41 - 50
51 - 60
61 - 70
71 - 80
81 - 90
91 - 100
101 - 110
111 - 120
> 121

 
(a) (b) 

Figure S-1.  Spatial representation, at the county scale of resolution, of the projected area-
weighted county average quantity of carbon per ha (t C/ha) sequestered through afforestation of 
(a) crop lands and (b) grazing lands for 40 year time period. 
 
Figure S-2 spatially represents, at the county scale of resolution, the cost of carbon sequestration, in $/t 
C, of cropland and grazing lands for 20, 40, and 80 year time periods.  Projected carbon accumulation 
potential is dependent on the projected forest types and site characteristics, with areas of poor site 
conditions accumulating lower levels of carbon. Unit cost in $ per ton carbon are dependent on both the 
carbon sequestration potential and total costs associated with conversion through afforestation. It is clear 
that the costs are lower for grazing lands than for croplands.  Also the cost becomes lower the longer the 
trees are allowed to grow.  Opportunity costs of conversion of cropland are greater than those of grazing 
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land and therefore grazing lands have the lowest $/t carbon associated with them.  Some of the highest 
cost carbon is in Florida and Louisiana caused by the high opportunity cost associated with sugar 
production in Florida and rice in Louisiana.   
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20 years 
 

   
40 years 
 

   
80 years 
 
 
 
 
 

(a)        (b)  
Figure S-2:  Spatial representation, at the county scale of resolution, of the cost to sequester 
carbon ($/t C; divide by 4 to convert to $/short t CO2) through afforestation of (a) crop lands and 
(b) grazing lands for 20, 40, and 80 year time periods. 
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20 years 

 

        
40 years 

 

        
80 years 
 
 
 
 
 
 
 
 

(a)        (b) 
Figure S-3:  Distribution at the county scale of the total quantity of carbon sequestered, in metric 
tons,  through afforestation of (a) crop lands and (b) grazing lands over the 20, 40, and 80 year 
time periods.  
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The largest quantities of carbon that could be sequestered are in counties along the Mississippi Valley, 
particularly in Louisiana (Figure S03), but these counties also contain some of the more expensive carbon 
(Figure S-2).  Comparing the map of quantity with the map of costs suggest that afforestation of croplands 
and grazing lands in Arkansas offer some of the most cost–effective carbon opportunities.  
 
Although forests cover 63% of the land area in SECARB states, the cost of carbon sequestration from 
changing forest management practices is high and produces lower C quantities than afforesting 
agricultural lands.  Lengthening rotations in industrial softwood forests is relatively expensive compared to 
afforestation.  For all states in the region 7.0 million tons C (28 million short tons CO2) could be produced 
at a price of less than $ 100/t C ($25/short t CO2).  These estimates are based on discounting prices and 
carbon so that these projects can be compared to other types of carbon mitigation projects that 
companies may develop.  Short term rental contracts can be developed to reduce the overall costs of 
specific projects to companies, although the marginal costs of sequestration will remain the same.  In 
addition to addressing rotation extensions, the possibility of converting loblolly/shortleaf pine stands to 
longleaf/slash pine stands was analyzed.  This does not appear to be a feasible carbon sequestration 
option unless substantial co-benefits exist and motivate setting aside the longleaf/slash stands from future 
harvests. 
 
Analysis of a variety of risks factors—weather and disease related—demonstrated that risks in this region 
are relatively low and should have negligible effect on carbon sequestration.  Hurricanes and tropical 
storms could pose a potential risk, particularly in the southern and coastal counties.  However, these 
counties correspond to the areas with higher cost carbon for all afforestation options.  Forest fires are 
also a potential risk, particularly in areas impacted by hurricanes that create high fuel loads.  
 
The potential co-benefit of reforesting agricultural land adjacent to existing protected areas was examined 
in Arkansas, Louisiana, and Mississippi. To assess this potential co-benefit, a map of the GAP Analysis-
program-defined protected areas was obtained.  These lands contain federal, state and private entities. 
Afforestation projects around such areas may provide biodiversity co-benefits by expanding the forest 
cover and reducing the length of the perimeter. Buffer zones were constructed around these protected 
areas at a maximum of 500 m.  The maximum area of crop and grazing lands available for afforestation 
projects in the 500 m buffer zone is about 300 thousand ha (744 thousand ac) for 80 year projects at a 
cost of <$100/t C ($25/short t CO2). At ≤$10/t C ($2.50/ short t CO2), 1.3 million t C (5 million short t CO2) 
are available on 10.7 thousand ha (11,791 acres) after 20 years, 11.4 million t C (46 million short t CO2) 
on 55 thousand ha (60 thousand acres) after 40 years, and 14.5 million t C (59 million short t CO2) on 49 
thousand ha (54 thousand acres) after 80 years.  Of the total amount of carbon available at this cost for 
afforesting crop and grazing lands, the quantity in the 500 m buffer zone accounts for less than 1%. 
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1.  Background 
In 2002, Winrock International began analysis on the terrestrial carbon sequestration opportunities in the 
three-state region of Arkansas, Louisiana and Mississippi.  Detailed analyses using a geographic 
information system (GIS) and fieldwork across the forests and marginal crop lands of the Lower 
Mississippi River Valley region were conducted.  The results were submitted to the Electric Power 
Research Institute (EPRI) and associated organizations (Winrock International 2003).  Subsequently, a 
similar study and report was developed to include the state of Georgia in this pilot work (Winrock 
International 2004).  The 4-state region analyzed with support from EPRI is hereafter referred to as the 
Pilot Region.    
 
The US Department of Energy’s Southeast Regional Carbon Sequestration Partnership (SECARB) is 
comprised of the eleven states of Alabama, Arkansas, Florida, Georgia, Louisiana, Mississippi, North 
Carolina, South Carolina, Tennessee, Texas and Virginia (Figure 1).  Using the Winrock methodology, 
terrestrial carbon sequestration options were analyzed in two ‘late-comer’ states:  Virginia by Virginia 
Tech’s Department of Crop and Soil Environmental Sciences and Texas by the Jackson School of 
Geosciences of the University of Texas at Austin.  Winrock International was tasked by SECARB to 
conduct an assessment of the terrestrial carbon sequestration opportunities in nine states including the 
Pilot Region and Alabama, Florida, North Carolina, South Carolina and Tennessee. This document 
reports on the analysis of these nine SECARB states.  It does not include analyses for  Virginia and 
Texas. 
 

 
Figure 1.  The SECARB states. 
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2.  Overall Approach and Methods 
An overall attempt was made in each stage of the project to create a methodology that was reproducible 
at the national scale, incorporating data sets that are available in every state. Because of this uniformity 
of analysis, this report contains results from all states analyzed by Winrock International (Arkansas, 
Louisiana, Mississippi, Georgia, Alabama, Florida, North Carolina, South Carolina, and Tennessee).  The 
additional states of Texas and Virginia are being completed by other institutions using a Winrock 
suggested methodology and are not considered in the following analysis; therefore all references to 
SECARB states in this report will exclude Texas and Virginia.  The overall approach used in this report 
follows that developed in previous studies however, due to differences in data availability for the entire 
SECARB states, some methods were altered. 
 
The main goal of this study was to estimate the carbon supply for the most important classes of land-use 
change activities in the agriculture and forestry sector for the SECARB states. Specifically: 
 

• Estimate the amount of carbon that would be offered at various prices for the main classes of 
land-use change activities 

• Determine the geographic distribution of available carbon at the various prices 
• Estimate associated risks and co-benefits   
 

The analyses employs both spatial (e.g., STATSGO soils maps and 30 m resolution remote sensing 
classified maps) and tabular data (e.g. Forest Inventory and Analysis data base on forest volume, 
agricultural statistics).  The analysis incorporates information about current land use, potential changes in 
land use and the incremental carbon resulting from the change, opportunity costs, conversion costs, 
annual maintenance costs, measurement and verification costs, and new sources of income that will 
result from the change.  The analysis is performed in a geographic information system (GIS) to include 
the diversity of land uses, rates of carbon sequestration, and costs in the analyses. The sources of the 
databases used in this analysis can be found in the References section at the end of this report. 
 

2.1 Classification of lands 
Using the United States Geological Survey’s National Land Cover Dataset (NLCD), it can be seen that 
the SECARB area is made up primarily of forestlands (Figure 2; Table 1).   Forested areas are mostly in 
the interior and coastal regions while agriculture is focused along the Mississippi River and the coastal 
plains of the Carolinas and Georgia.  Florida shows the highest concentration of urban development, 
grazing lands and emergent herbaceous wetlands. 
 
The land-cover map that serves as the basis for this analysis is based on status of land cover in the USA 
as of 1992.  Thus all the land areas and total quantities of carbon available reflect the conditions as of 
1992.  An updated version of the US map is being prepared but is not available for distribution at this 
time.  When that map becomes available, the analysis presented in this report could be updated to reflect 
a more recent status of land availability and carbon supply.  
 
For this analysis, lands are reclassified into four main groups: crop lands, grazing lands (including 
improved and unimproved pastures), forests, and other.  Cropland is designated as row crops, small grain 
crops, and fallow areas; grazing lands are designated pasture/hay; and forests include deciduous, 
evergreen, mixed, wooded wetlands, and transitional forest. ‘Other’ land-cover classes include all urban 
and rural development, barren lands, shrublands, herbaceous and emergent herbaceous wetlands land 
cover-types.  In this analysis, existing tree orchards were excluded from the agricultural land class. 
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Figure 2:  Map of SECARB states reclassified land-use/land-cover classes (from the 
USGS National Land Cover Data Project, 1992).  
 
Table 1:  Area of land cover classes, in hectares, used in this analysis (data from the USGS NLCD 
Program, 1992).  
 

  Grazing Agriculture Forest 
   
Alabama          1,396,148          1,256,126        10,197,230  
Arkansas          2,021,731          3,013,720          8,093,874  
Florida             595,304          1,274,507          7,115,866  
Georgia          1,151,452          2,397,424        10,693,563  
Louisiana             887,209          2,432,525          5,525,616  
Mississippi          1,857,099          2,249,585          7,705,329  
North Carolina          1,030,750          1,937,091          8,791,570  
South Carolina             409,190          1,306,834          5,535,661  
Tennessee          1,995,867          1,310,967          6,968,300  
Total        11,344,749        17,178,780        70,627,008  

 

2.2 Carbon opportunities from land-use change 
The opportunities for increasing carbon on the different classes of land in the US were identified.  The 
potential alternative uses assessed in this study for each land use/land cover class are as follows:  
 

• Agricultural Land 
o Afforestation 
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o Change in Tillage 
o Conversion to orchards (not analyzed due to lack of relevant data.) 

• Grazing Land 
o Afforestation 
o Change Management (not analyzed due to lack of relevant data.) 

• Forest Land 
o Extend Rotation 

• Accessory Data 
o Risks 

 

2.3 Overall framework for organization of data 
The spatial data used for the SECARB states include: 

• USGS 1992 National Land Cover Data (NLCD) Project 
• USGS 1:250,000 Digital Elevation Model 
• National Cooperative Soil Survey STATSGO Maps and Metadata  
• USDA Forest Inventory and Analysis data base 
• GAP Analysis 
• National Atlas 
• National Wetlands Inventory 
• 1997 USDA Agricultural Census Map and Metadata 
• Maps of pest outbreaks and disease 
• Maps of significant weather events 

 
Non-spatial data include, for example, regression equations for converting FIA data to biomass carbon, 
forest growth models, published literature, experience from other Winrock projects, and state and country 
reports of agricultural statistics.  The details of these non-spatial data are given in the appropriate 
sections below.  The organization framework listed above illustrates the main structure of the database.  
Relevant databases for estimating the carbon supply are organized by the three main categories of land 
use/land cover. 
 
The general approach was to first clip the 1992 NLCD land cover map to develop a spatial data layer of 
the three major categories of land use/land cover.  Then the models that were developed for each major 
category of land were used for identifying likely rates of carbon accumulation and costs for converting the 
land from its present use to one that could increase its carbon stocks.  The details of the criteria for each 
of the three categories of land use/land cover are described in the corresponding section below. 

2.4 Overall method for estimating the carbon supply 
The steps needed for estimating the carbon supply for a given change in land use are (Figure 3): 

1. Estimate the area for each potential change in land use. 
2. Estimate the quantities of carbon per unit area that could be sequestered for the change in land 

use over a given time period. 
3. Estimate the total costs (opportunity, conversion, maintenance, and measuring and monitoring). 
4. Combine the estimated quantities of carbon per unit area with the corresponding area and cost to 

produce estimates of the total quantity of carbon that can be sequestered for given range of 
costs, in $/ton C or $/ton CO2. 

 
The carbon supply for each opportunity of land conversion is estimated for three time periods: 20 years, 
40 years and 80 years to reflect the impact of duration on the likely supply and to provide an assessment 
for the near–term and longer-term planning horizons.  For the analysis of the carbon supply for croplands 
and grazing lands, the scale of resolution is 30 m x 30 m pixels.  For the analysis of carbon supply for 
forestlands, the scale of resolution is the county. 
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Figure 3. Example of the steps involved in generating the carbon supply curves for afforesting 
existing croplands or grazing lands. Similar flow charts were generated for each of the land-use 
change opportunities. 

3.  Carbon Sequestration Potential on Croplands 
3.1 Rates of carbon accumulation for afforestation 
Carbon sequestration data have been developed for the SECARB states from the interpretation of the 
data contained in the STATSGO and USDA Soil Survey data bases on predominant tree species 
(plantsym) and their site index (sitind) and growth potential (woodprod) 
(http://water.usgs.gov/GIS/metadata/usgswrd/ussoils.html).  The predominant tree species (plantsym) 
data base (about 25 species) was classified into three broad forest categories: bottomland hardwood 
species, upland hardwood species, and pine species based on descriptions of the species characteristics 
in the Silvics of North America Handbook (USDA 1993).  Estimates of wood production per year 
corresponding to a specific species and site index (height in feet at age 50 years) were obtained from the 
USDA Soil Survey data base.  Wood production for a given site index and predominant species, reported 
in cubic meters per hectare per year (or cubic feet per acre per year), was first multiplied by the age at 
maximum mean annual increment to obtain an estimate of the stock of volume.  The volume estimate was 
then converted to aboveground biomass using "biomass expansion factors" developed by Brown and 
Schroeder (1999). A biomass expansion factor is the ratio of aboveground biomass for all trees to a 
minimum diameter of 5 cm to growing stock volumes as reported by the USDA Forest Service FIA.  
Belowground biomass was estimated from aboveground biomass using the regression equation reported 
in Cairns et al. (1997).  Adjustments were made for species with notably different specific gravity, such as 
bald cypress, Taxodium distichum, (reduction of predicted biomass by 20%) and cottonwood, Populus 
deltoides, (reduction of predicted biomass by 30%). 
 
Wood production indices reported in the USDA data base are calculated at the time when mean annual 
increment (MAI) peaks.  The age of peak MAI varies by species and site index, and was specified in 
consultation with an internal USFS Division of Forest Economics and Marketing Research document 
(Josephson, 1962).  Age together with yield (from wood production) allowed determination of one point in 
time of age:biomass/ha along an envisioned, and more realistic, biomass yield curve.  
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The Chapman-Richards function (Richards, 1959, Pienaar and Turnbull, 1973), a popular sigmoid-shaped 
biological growth model was chosen to model biomass carbon accumulation over time. This function is of 
the form:  
 

Yield (biomass) = a * (1-EXP(-k * age (years)) ^ 1/(1-m), 
 
where: 

• “a” (asymptote) calculated as a function of m and the peak current annual increment (CAI), where 
asymptote = yield at peak CAI / m^(1/(1-m)), assuming yield at peak CAI = 50% yield at peak 
MAI. 

• “m” parameter set iteratively at 0.6 (percentage of asymptote (final yield) at which point growth 
rate peaks), referencing Winrock field measurements (unpublished data) from the region. 

• Back calculation for “k” (rate at which the asymptote is approached). 
 

Parameters for Chapman-Richards models were estimated to tailor carbon yield curves for each wood 
productivity index/predominant species combination passing through the previously determined 
age:biomass/ha points. The model was then parameterized to conservatively estimate carbon 
accumulation levels.  
 
Resulting per unit area biomass carbon accumulation potentials at age 80 years range from 48 to 195 t 
C/ha for bottomland hardwoods, 80 to 160 t C/ha for upland hardwoods, and 40 to 165 t C/ha for pine 
(Figure 4).  These estimates only include carbon accumulated in above and below ground biomass of 
trees and do not include other forest components such as dead wood and forest floor and soil. These 
estimates are lower than those used in reports on similar work for Arkansas, Louisiana, Mississippi, and 
Georgia (Winrock International 2003, 2004). After further analysis of the data it was determined that it 
was most appropriate to present conservative estimates of carbon potential, particularly where data are 
limited at the scale needed for this large region.  The estimated carbon accumulation rates used in this 
analysis were compared with other data sets to verify their “reasonableness”.  Using the FIA data 
downloaded from the COLE (Carbon Online Estimator) resulted in estimates for 80 yr forests at an 
average value of 150, 120, and 95 t C/ha for bottomland hardwood forest, upland hardwood forest, and 
pine forest respectively (COLE website). In an assessment of biomass in the eastern forests of the USA, 
Brown et al (1999) found hardwood forests of all ages in the SECARB states to average 80 t C/ha and 
softwoods to average 52 t C/ha. Based on these other sources of data, we concluded that the carbon 
accumulation rates used in this study are reasonable and conservative. 
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Figure 4. Pattern of the potential total tree (above and below ground) carbon accumulation in live 
trees of bottomland hardwood forests, upland hardwood forests, and pine forests. Each line 
represents a tree species. 

3.2 Area for carbon sequestration on crop lands 
The 1992 NLCD map was used to identify crop lands in the SECARB states.  The total area of crops in 
the SECARB states is around 17 million hectares.  Our analysis has focused on the major crops, which 
are cotton, corn, soybeans, peanuts. Rice was included in the analysis in Arkansas and Louisiana and 
sugarcane in Louisiana and Florida. 
 
From knowledge of the historical vegetation, climatic regime, and the distribution of life zones (warm 
temperate moist forest (Lugo et al. 1999), it was assumed that all croplands of the region could be 
afforested.  Examining potential carbon accumulation on only crop lands through afforestation, one can 
see large differences in the rate of sequestration across the region.  Estimations of carbon sequestration 
rates are fastest in the interior coastal plain and along the Mississippi river (Figures 5-7). Over time, 
forests developing in the Mississippi flood plain area are projected to contain the most carbon per hectare 
in the region. (See Appendix C for examples of unit conversions of t carbon/ha into t CO2/ac.) 
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Figure 5.  Map of SECARB states showing the distribution of the amount of carbon sequestered 
after 20 years, in t C/ha, for afforestation activities on crop lands. 
 

 
Figure 6.  Map of SECARB states showing the distribution of the amount of carbon sequestered 
after 40 years, in t C/ha, for afforestation activities on crop lands. 
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Figure 7.  Map of SECARB states showing the distribution of the amount of carbon sequestered 
after 80 years, in t C/ha, for afforestation activities on crop lands. 
 

3.3 Economic analysis and total costs 
All economic decisions involve trade-offs.  If activity x is forgone in order to undertake activity y, then the 
value of undertaking activity x must be considered as the opportunity cost of undertaking activity y.  
Simply put, the opportunity cost is the most highly valued alternative to the activity being considered.  In 
this case, the activity being considered is afforestation of agricultural land in the Southeast.  Therefore, 
the profitability per hectare of agriculture in the Southeast represents the opportunity cost of producing 
carbon on that land (i.e. afforestation).  This value is going to differ from field to field, county to county, 
and state to state. 
 
We are interested in ascertaining the “price” a farmer would need to receive to take a parcel of land out of 
agriculture and put it in some other carbon sequestering use.  That “price” must be equal to or greater 
than the present value of the stream of annual marginal returns the farmer would receive from the 
agricultural use of that land over the life of the carbon project.  The marginal return is the estimated return 
over input costs for the agricultural enterprise in question.  Therefore, the “price” will have to be equal to 
or greater than the present value of the stream of marginal returns to the farmer from any given parcel of 
land.  Fixed costs of production are not a factor in this calculation because it is unlikely that a farmer will 
enroll all land in a carbon sequestration program, but only individual parcels.  Fixed costs for the farm, 
then, would remain the same. 
 
Our economic analysis methodology for estimating the opportunity costs of afforestation projects on 
agricultural land in the SECARB states is based on widely available data on prices, costs, and yields of 
the major crops.  We have intentionally designed this methodology to be easily replicable across states. 
In doing so we have foregone some degree of local specificity regarding costs and prices of crop 
production, but we feel that the simplicity and replicability of this approach outweighs the small margins of 
error caused by using regional cost and price data. 
 

t C/ha 
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3.3.1 Opportunity costs 
The analysis involves estimating the profitability of agricultural production for the major crops of the region 
in each state using USDA agricultural statistics district-level acreage and yield data.  Agricultural Statistics 
Districts (ASD) are defined groupings of counties in each State, by geography, climate, and cropping 
practices. The geographic attributes include soil type, terrain, and elevation (mountains). The basic 
components of climate are mean temperature, annual precipitation and length of growing season. These 
factors influence the crops grown, the need to conserve soil moisture, and the use of irrigation (cropping 
practices). 
 
The number of planted acres/hectares and the average yield for each ASD within each state were 
collected from the USDA National Agricultural Statistics Service (NASS) for the years 2000-2003.  
NASS's annual program focuses on agricultural production for mainstream crops, livestock and 
associated inventories. The program is based on a series of sample surveys to collect farm level data to 
produce the State and U.S. crop forecasts and estimates published in the NASS Agricultural Statistics 
Board reports. 
 
The profitability (i.e. opportunity cost) estimates for each crop in each ASD are then weighted by the 
average percentage of cropland planted to each crop in each ASD from 2000 through 2003.  This 
averaging process is necessary to account for the frequency of crop rotations on agricultural land.  Each 
ASD then ends up with a unique opportunity cost for foregoing agricultural production for afforestation.  
Added to this cost are the costs of converting the land to trees, managing the land for afforestation, and 
measuring and monitoring carbon production on that land. 
 
Because this analysis is considering afforestation projects that are 20, 40, and 80 years in duration, the 
annual opportunity cost estimates must be projected into the future and then discounted to obtain a 
present value (PV) estimate of the annual stream of profits from farming that are foregone to allow for 
afforestation.  The PV estimate for each ASD then represents the amount of money that, if provided to a 
farmer in that ASD today, would be equal to the stream of profits that would be forgone from agricultural 
production over the life of the carbon project.  This estimated opportunity cost could be viewed as the 
minimum amount necessary to induce landowners to afforest agricultural land.  However, the reduced risk 
associated with a carbon contract relative to the various risks inherent in agricultural production could 
make this estimated opportunity cost greater than the minimum amount necessary for more risk averse 
land owners to pursue carbon projects.  A risk aversion factor is built in to this analysis for use if and 
when quantitative information on risk aversion becomes available.  The components of this analysis are 
briefly described below. 
 
Profits, or marginal returns (MR) to the land, per area of land can be calculated with the expression,  
 
MR = PY – CY + G 
 
where P is the price per unit for each commodity received by the farmer, Y is the expected yield of that 
crop, C is the variable cost of production per unit, and G is the amount of money received as government 
payments or subsidies.  Estimates of the total price (P) received by the farmer are based on estimates of 
future market prices through 2007.  Estimates of future prices for the major U.S. crops are published by 
the Food and Agriculture Policy Research Institute (FAPRI).  The mean of the actual and projected prices 
for the years 2002-2007 are used as the price in the opportunity cost calculations for this analysis.  (The 
mean price for each crop and the standard deviation could be used to define a normal distribution of 
prices from which prices are drawn randomly in a Monte Carlo-type analysis.) 
 
The costs of production for each of the major crops in each ASD in each of the states are calculated by 
multiplying the reported average yield for the crop by the variable costs of production.  It is important to 
note that the costs of production used in this analysis represent the variable costs and do not include the 
fixed costs of production.  As such, this provides a more accurate depiction of the decision landowners 
will face when considering carbon projects for two reasons.  First, landowners will most often be 
considering carbon projects on some, but not all their land.  In this case, they will still have the machinery 
necessary for crop production and will incur fixed costs for this despite converting some land to carbon 
production.  Second, the costs associated with owning the land will continue to be incurred regardless of 
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the decision to undertake carbon projects.  Therefore, the profit or opportunity costs estimated in this 
analysis represent income over variable costs.   
 
The variable costs of production for each of the major crops are taken from the enterprise budgets 
prepared by the University of Georgia extension specialists for each crop.  The variable cost information 
from Georgia was used for the other states in the region for several reasons.  First, the UGA information 
is considered to be among the best estimates in the region.  Second, Georgia is geographically central 
among the states in this analysis.  Third, the availability of this information varies from state to state.  
Fourth, the costs of production for the crops analyzed are primarily a function of the yield; the per unit 
cost of production is not likely to vary greatly across the states in the region.   
 
The yield used for each crop in each ASD is the average of the reported ASD yields for the years 2000 
through 2003.  As mentioned above, these data come from the USDA-NASS database.  The ASD-
specific yields for each crop generate the variability in estimated profitability associated with crop 
production across the region. 
 
For most of the major crops produced in SECARB region, G consists of up to three components. These 
are loan deficiency payments received per unit of production, counter-cyclical payments per unit of 
production, and direct payments per area of production.  The loan deficiency payment and counter-
cyclical payment are conditional based on the price received for the crop.  The direct payment is received 
regardless of price or yield.  The standard formulae for calculating each of the government payments and 
the total G are applied in this analysis. 
 
The four major crops that are common to all nine states of the SECARB region are corn, soybeans, 
cotton, and peanuts.  Additionally rice is a major crop in Arkansas and Louisiana and sugarcane is a 
major crop in Louisiana and Florida.  Although there are many additional types of crops produced 
throughout the region, this analysis has intentionally considered only these six crops for several reasons.  
First, these crops cover the vast majority of cropland throughout the region.  Second, of all the crops 
grown in the region these ‘conventional’ crops represent the most likely crops to be foregone for carbon 
projects due to their relatively lower profitability.  Land producing higher-value crops is, by definition, 
going to have greater average profitability and therefore be less likely to be used for afforestation. 
 
The SECARB region is also known for producing the majority of the nation's tobacco.  However, tobacco 
was not included in this analysis for several reasons.  First, tobacco continues to produce net profits of 
$500-800 per acre per year.  As such, it is very unlikely that land used for tobacco would be considered 
for carbon projects.  Second, the government-controlled quota system regulating tobacco production and 
marketing was eliminated in 2004.  Most tobacco is now produced under direct contracts with processors.  
The price of tobacco is down from recent years and the acreage is down dramatically.  Third, even in 
North Carolina, the number one tobacco state, less than 400,000 acres of tobacco are produced.  This is 
relatively small acreage compared to soybeans (1,400,000 acres), corn (700,000 acres), and cotton 
(700,000 acres); the relative acreage of tobacco is even less in the other states.  To include tobacco in 
the with the other conventional field crops in this analysis would likely pull up the average opportunity cost 
for afforestation projects unjustly and for this reason it has been excluded from this analysis. 
 
Any given area of cropland is likely to have a rotation of crops produced on it over a number of years for 
agronomic and economic reasons.  This analysis has used USDA-NASS data on planted areas for each 
crop in each ASD to calculate the average percentage of hectares planted to each crop from 2000-2003.  
This average for each ASD is used to estimate a weighted average profitability for crop production in 
each ASD.  By using ASD-specific yield and acreage data, combined with prices and per unit costs that 
are constant across the region, this analysis is able to produce relatively specific estimates of opportunity 
costs with a simplified and replicable analytical framework.   
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3.3.2 Afforestation costs 
The cost of converting cropland to trees was estimated by Winrock International staff, who have 
significant experience in afforestation of agricultural land in the Southeast region (Table 2).  The cost of 
conversion includes the cost of the tree saplings, site preparation, planting, and supervision.  These costs 
are based on planting hardwood saplings in 12’x12’ plots, which is equal to 302 trees per acre. 
 
Table 2. Conversion costs for afforestation projects (for hardwood species) 
 

Saplings $57/acre ($0.19/tree) 
Brush Hog (pre-planting) $20/acre 
Subsoil Rift $20/acre 
Planting $55/acre 
Supervision $30/acre 
Total $182/acre 

  
Hardwood saplings are more expensive than softwoods.  Additionally, hardwoods require hand-planting 
which is considerably more expensive than mechanical planting, as is used for softwood afforestation.  
The reduced costs for softwoods are partially offset by the much higher planting density for softwood 
plantations.  We have estimated that conversion cost for softwood projects is $150 per acre. 

 
Land management costs consist primarily of aerial spraying of herbicides to reduce competition by weeds 
and other species.  The spraying would generally occur during the first five years after planting.  It is more 
necessary for softwoods than for hardwoods.  We have assumed that the cost would be $8 per acre for 
each of the first five years, regardless of hard- or softwood species.  The carbon measuring and 
monitoring costs on a per acre per year basis are estimated to equal $1.60 for 20 year projects, $1.08 for 
40 year projects, and $0.80 for 80 year projects.  

 
The present value analysis combines the stream of annual opportunity costs of agricultural production 
discounted over the life of the carbon project.  The real discount rate used in this analysis is 4 percent.  
This discount rate reflects the likely increase in the value of carbon offsets in the future.  If it is estimated 
that the value of carbon offsets may increase by 2% per year, then a nominal discount rate of 6%, as is 
common in agricultural analyses, should be adjusted to 4% (6 – 2 = 4%).  There is a great deal of 
uncertainty concerning the future value of carbon offsets. However, there seems to be consensus that the 
value will increase over time. According to Antle et al. (2004), a discounted future carbon stock can be 
achieved by financial discounting; this is the approach taken in the agricultural applications of this study. 
 
The costs that are only incurred at the beginning of the project are not discounted.  These include the 
conversion cost and the contract cost (currently assumed to be zero because data are not available) and 
are added to the total present value costs.   The resulting values represent the present value of all of the 
current and future (for the life of the carbon project) costs associated with sequestering carbon on 
agricultural land through afforestation. 
 
The area weighted average total cost per hectare for each state varies dependent on the types of crops 
produced (Table 3). As an example, the spatial distribution of total cost in $/ha for carbon sequestration 
activities after 40 years is shown in Figure 8.  Costs per hectare reflect the greater opportunity costs 
present in parts of Florida and Louisiana due to the production of high profitability crops such as sugar 
cane. 
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Table 3. The area weighted average total costs per ha ($/ha) for afforestation on crop lands for 
each state and the percentage those total costs assigned to opportunity cost. 
 

  20 years 40 years 80 years 
Alabama $2,721 78% $3,687 84% $4,325 86% 
Arkansas $2,536 76% $3,418 82% $3,999 85% 
Florida $6,911 91% $9,790 94% $11,698 95% 
Georgia $4,002 85% $5,553 89% $6,579 91% 
Louisiana $6,344 91% $8,963 93% $10,700 94% 
Mississippi $3,713 84% $5,132 88% $6,070 90% 
North Carolina $2,656 77% $3,593 83% $4,210 86% 
South Carolina $2,136 72% $2,836 79% $3,295 82% 
Tennessee $2,699 78% $3,655 84% $4,285 86% 
All SECARB states $3,850 84% $5,331 89% $6,310 91% 

 

 
Figure 8:  Distribution of the total costs for afforesting croplands, in $/ha after 40 years, for states 
in the SECARB region.  
 

3.4 Carbon supply for afforestation of croplands 
Up to 17 million hectares of cropland are potentially available for C sequestration in the SECARB states.  
However, the price of carbon will affect the availability of land for afforestation. The $ per ton of C 
sequestered reflects both the total cost of conversion and the ability of the land to sequester carbon.  
Therefore, areas of high opportunity cost and/or areas of low carbon sequestration ability such as the 
Mississippi valley and southern Florida will have a high $/t C value.  Over 25% of the afforested cropland 
after 20 years supplies carbon at costs of <$50/tC (Figure 9a).  Most of the high cost carbon (>$150/tC) is 
located in along the Mississippi valley and in sugar cane and sandy soil areas of Florida (Figures 9-11). 
(See Appendix A Table A1 for the area weighted average estimates of $/t C at the county level. See 
Appendix C for examples of unit conversions of $/t carbon into $/t CO2.) 
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Figure 9a:  Distribution (at 30 m resolution) of the cost to sequester carbon via afforestation in 
croplands lands, in $/ t C, for the SECARB states over 20 years.   
(To convert to $/metric t CO2, multiply $/t C by 0.27 or to convert to $/short t CO2, multiply $/t C by 0.25.) 

 
 

Figure 9b:  Distribution, at the county scale, of the cost to sequester carbon via afforestation in 
crop lands, in $/ t C, for the SECARB states over 20 years.   
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Figure 9c:  Distribution at the county scale of the total quantity of carbon, in metric t, through 
afforestation of crop lands for the SECARB states over 20 years.  

 

 
Figure 10a:  Distribution, at 30 m resolution, of the cost to sequester carbon via afforestation in 
crop lands, in $/t C, for the SECARB states over 40 years.   
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Figure 10b:  Distribution, at the county scale, of the cost to sequester carbon via afforestation in 
crop lands, in $/t C, for the SECARB states over 40 years.   
 

 
 

Figure 10c:  Distribution at the county scale of the total quantity of carbon, metric t, through 
afforestation of crop lands for the SECARB states over 40 years.  
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Figure 11a:  Distribution, at 30 m resolution, of the cost to sequester carbon via afforestation in 
crop lands, in $/tC, for the SECARB states over 80 years.   

  
 
Figure 11b:  Distribution, at the county scale, of the cost to sequester carbon via afforestation in 
crop lands, in $/t C, for the SECARB states over 80 years.   
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Figure 11c:  Distribution at the county scale of the total quantity of carbon, in metric t, through 
afforestation of croplands for the SECARB states over 80 years.   

 
The amount of cropland available after 20, 40, and 80 years, at all possible prices, is shown in Figure 
12a.  At a cost of $70/t C ($17/short tons CO2), 45% of cropland or 7.5 million ha are available after 20 
year, 62% or 10.4 million ha are available after 40 year, and 65% or 10.8 million ha are available after 80 
year.  The area of cropland that is likely to be available for C sequestration at a carbon price less than 
$30/t C ($7.40/short tons CO2) is estimated to be 225,000 ha for 20 year, 1.19 million hectares for 40 
year, and 1.36 million hectares for 80 year. The high costs per ton of carbon after 20 years for some 
locations are due to the slow carbon accumulation rates projected on some of the very poor sandy soils of 
Florida’s high opportunity cost coastal area.  The unit carbon cost for many areas is similar at both 40 and 
80 year time frames due to the growth pattern of planted trees. The trees are projected to accumulate a 
large amount of biomass between 20 and 40 years, and rates are slower as the trees age, decreasing the 
rate of carbon accumulation (Figure 4). 
  
The analysis indicates that up to 426 million t C would be available after 20 years of afforestation if the 
price of C were to rise to $70/t C ($17/short tons CO2). After 40 years, the total C supplied would likely 
rise to 978 million tons and 1.2 billion tons after 80 years (Figure 12b).  In the more likely scenario of C 
being priced at up to $30/t ($8.23/metric tons CO2), it is estimated that 12.76 million tons of C would be 
supplied from the SECARB states cropland after 20 years.  This amount would increase to 120 million 
tons after 40 years and 184 million tons after 80 years.  See Appendix A Table A1 for the county level 
projected amount of carbon sequestered if all land that was available for reforestation at a price point of 
<$50/t C ($13.65/metric tons CO2) were afforested.     
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Figure 12a: Amount of crop land available for afforestation in relation to the unit carbon costs 
after 20, 40, and 80 years.   
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Figure 12b: Total carbon supply capacity for areas currently under crop lands in relation to the 
unit cost of carbon for afforestation.  
To convert $/t CO2 to $/short t CO2, divide by 1.102.  
 

3.5 Carbon sequestration potential from no-till agriculture 
Conservation tillage is a term that represents numerous types of reduced-tillage field practices that are 
designed to minimize soil erosion and enhance soil tilth.  Of the various conservation tillage practices, no-
till cropping is the practice that disturbs the soil the least and, therefore, has the greatest ability to 
increase carbon sequestration on agricultural lands.   
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Our analysis includes an assessment of the area of cropland currently under no-till practices and, hence, 
the potential cropland area on which carbon projects could be established using no-till.  The set of tables 
in the following section shows the total cropland area and the area estimated to be under no-till in 2004 
for the major crops on which these data are tracked.  The rightmost column shows the amount cropland 
that was not under no-till in 2004.  This represents the potential area for carbon sequestration activities 
involving the use of no-till cropping. 
 
A large number of farmers have already converted to the use of no-till farming. Currently almost 30% of 
croplands in the SECARB states are currently under no-till. In many states almost half the area of 
croplands are currently under no-till production.  It must be pointed out that the potential carbon supply 
from conversion of conventional tilled lands to no-tilled lands cannot be added to that from afforestation, 
as the land areas for afforestation and no-till agriculture are mutually exclusive (i.e. both cannot be done 
on the same land).   
 
Due to the dearth of data regarding the economics of no-till agriculture for each of the SECARB states, 
this report presents a case study analysis for carbon projects related to no-till based on a study of three 
states: Arkansas, Louisiana, and Mississippi.  However, before presenting that case study, a discussion 
of the cropland area currently under no-till production and the potential land area available for additional 
no-till agriculture is presented. 

3.5.1 Area for conversion to no-till agriculture 
 
Table 4 below is sorted, in descending order, by the percentage of total cropland that is not currently 
under no-till production.  Florida has the smallest percentage of cropland under no-till with just 5.16%, 
leaving an estimated 95% of the cropland area as potential for no-till.  It should be noted that Florida has 
a relatively small total cropland area compared to the other states in the region and the total potential no-
till area is smaller than in many other states.  The very low percentage of no-till adoption in Florida may 
allow for easier facilitation of large contiguous tracks of cropland for no-till carbon projects. 
 
Arkansas, with its 6.5 million acres of cropland and a low 12% of area under no-till, has the largest area of 
potential cropland for no-till carbon projects, by far, with over 5.7 million acres.  There were over 2.6 
million acres of soybeans in 2004 that could have been produced under no-till.  The highest adoption 
rates of no-till of the SECARB states are in Tennessee, South Carolina, North Carolina, Alabama, and 
Georgia.  In addition to Arkansas, the other states with most potential cropland area for new no-till 
activities are Louisiana, Mississippi, Georgia, and North Carolina, each with over 2 million acres of 
potential no-till land. 
 
Table 4. Area and potential for no-till during 2004 by State and crop. 
 
Florida Total Acres % of total No-till Acres % No-till Potential 
Corn 131,682 10.53% 7,651 5.81% 124,031
small grain - flsd 80,726 6.46% 9,720 12.04% 71,006
Cotton 88,625 7.09% 25,965 29.30% 62,660
forage crops 49,805 3.98% 1,650 3.31% 48,155
small grain -spsd 44,952 3.59% 4,900 10.90% 40,052
Sorghum 18,016 1.44% 550 3.05% 17,466
soybeans – fs 12,823 1.03% 2,600 20.28% 10,223
soybeans – dc 6,425 0.51% 1,368 21.29% 5,057
other crops 817,352 65.37% 10,100 1.24% 807,252
Total 1,250,406 100.00% 64,504 5.16% 1,185,902
  cropland NOT under no-till 94.84%
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Arkansas  Total Acres % of total No-till Acres % No-till Potential 
soybeans – fs 2,544,437 38.69% 311,432 12.24% 2,233,005
small grain -spsd 1,543,077 23.47% 91,307 5.92% 1,451,770
Cotton 856,574 13.03% 71,449 8.34% 785,125
small grain - flsd 574,457 8.74% 64,071 11.15% 510,386
soybeans – dc 617,979 9.40% 209,283 33.87% 408,696
Corn 280,256 4.26% 34755 12.40% 245,501
Sorghum 93,696 1.42% 7,438 7.94% 86,258
forage crops 37,785 0.57% 13,934 36.88% 23,851
other crops 27,612 0.42% 583 2.11% 27,029
Total 6,575,873 100.00% 804,252 12.23% 5,771,621
  cropland NOT under no-till 87.77%

 
Louisana Total Acres % of total No-till Acres % No-till Potential 
soybeans – fs 965,109 30.46% 177,090 18.35% 788,019
small grain -spsd 534,887 16.88% 24,143 4.51% 510,744
Cotton 480,683 15.17% 49,642 10.33% 431,041
Corn 442,726 13.97% 97,905 22.11% 344,821
small grain - flsd 151,438 4.78% 33,210 21.93% 118,228
Sorghum 80,246 2.53% 8014 9.99% 72,232
forage crops 84,546 2.67% 16,550 19.58% 67,996
soybeans - dc 88,350 2.79% 53,214 60.23% 35,136
other crops 340,046 10.73% 19,065 5.61% 320,981
Total 3,168,031 100.00% 478,833 15.11% 2,689,198
  cropland NOT under no-till 84.89%

 
Mississippi  Total Acres % of total No-till Acres % No-till Potential 
soybeans - fs 1,467,509 37.87% 477,987 32.57% 989,522
cotton 1,084,380 27.98% 262,644 24.22% 821,736
corn 505,357 13.04% 158,803 31.42% 346,554
small grain -spsd 236,168 6.09% 34,820 14.74% 201,348
forage crops 211,175 5.45% 59,975 28.40% 151,200
small grain - flsd 163,882 4.23% 35012 21.36% 128,870
soybeans - dc 106,890 2.76% 67,839 63.47% 39,051
sorghum 46,579 1.20% 8,957 19.23% 37,622
other crops 53,085 1.37% 2,727 5.14% 50,358
Total 3,875,025 100.00% 1,108,764 28.61% 2,766,261
  cropland NOT under no-till 71.39%

 
Georgia  Total Acres % of total No-till Acres % No-till Potential 
cotton 1,317,831 38.93% 523,226 39.70% 794,605
small grain - flsd 430,366 12.71% 115,198 26.77% 315,168
corn 338,548 10.00% 112,991 33.38% 225,557
soybeans - fs 156,760 4.63% 58,360 37.23% 98,400
small grain -spsd 90,806 2.68% 25,446 28.02% 65,360
soybeans - dc 117,142 3.46% 79752 68.08% 37,390
forage crops 95,677 2.83% 63,706 66.58% 31,971
sorghum 40,756 1.20% 10,059 24.68% 30,697
other crops 797,638 23.56% 111,804 14.02% 685,834
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Total 3,385,524 100.00% 1,100,542 32.51% 2,284,982
  cropland NOT under no-till 67.49%

 
Alabama  Total Acres % of total No-till Acres % No-till Potential 
cotton 539,188 32.61% 276,716 51.32% 262,472
forage crops 164,064 9.92% 41,487 25.29% 122,577
small grain - flsd 162,563 9.83% 56,225 34.59% 106,338
corn 205,764 12.45% 116,424 56.58% 89,340
soybeans - fs 167,450 10.13% 99,768 59.58% 67,682
small grain -spsd 57,016 3.45% 9345 16.39% 47,671
sorghum 13,793 0.83% 2,840 20.59% 10,953
soybeans - dc 49,232 2.98% 41,695 84.69% 7,537
other crops 294,180 17.79% 31,908 10.85% 262,272
Total 1,653,250 100.00% 676,408 40.91% 976,842
  cropland NOT under no-till 59.09%

 
North Carolina  Total Acres % of total No-till Acres % No-till Potential 
soybeans - fs 954,349 22.53% 416,192 43.61% 538,157
corn 837,348 19.77% 360,005 42.99% 477,343
cotton 729,079 17.22% 301,777 41.39% 427,302
small grain - flsd 543,179 12.83% 197,836 36.42% 345,343
soybeans - dc 578,953 13.67% 440,930 76.16% 138,023
small grain -spsd 59,825 1.41% 21412 35.79% 38,413
forage crops 53,309 1.26% 31,869 59.78% 21,440
sorghum 14,781 0.35% 4,117 27.85% 10,664
other crops 464,142 10.96% 24,615 5.30% 439,527
Total 4,234,965 100.00% 1,798,753 42.47% 2,436,212
  cropland NOT under no-till 57.53%

 
South Carolina  Total Acres % of total No-till Acres % No-till Potential 
soybeans - fs 432,896 27.85% 221,110 51.08% 211,786
small grain - flsd 217,950 14.02% 45,048 20.67% 172,902
corn 288,799 18.58% 158,642 54.93% 130,157
cotton 227,754 14.65% 104,174 45.74% 123,580
soybeans - dc 196,276 12.63% 151,441 77.16% 44,835
small grain -spsd 43,989 2.83% 8174 18.58% 35,815
forage crops 15,383 0.99% 4,720 30.68% 10,663
sorghum 8,253 0.53% 2,968 35.96% 5,285
other crops 123,315 7.93% 18,308 14.85% 105,007
Total 1,554,615 100.00% 714,585 45.97% 840,030
  cropland NOT under no-till 54.03%

 
Tennessee  Total Acres % of total No-till Acres % No-till Potential 
soybeans - fs 831,669 27.16% 521,829 62.74% 309,840
small grain - flsd 407,732 13.31% 125,299 30.73% 282,433
cotton 521,709 17.04% 241,114 46.22% 280,595
corn 675,391 22.05% 436,237 64.59% 239,154
forage crops 128,425 4.19% 69,490 54.11% 58,935
soybeans - dc 362,937 11.85% 309759 85.35% 53,178
sorghum 15,145 0.49% 6,177 40.79% 8,968
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small grain -spsd 9,718 0.32% 2,387 24.56% 7,331
other crops 109,670 3.58% 4,218 3.85% 105,452
Total 3,062,396 100.00% 1,716,510 56.05% 1,345,886
  cropland NOT under no-till 43.95%

Source: Conservation Tillage Information Center, Purdue University. 
fs = full season crop dc = double crop flsd = Fall seeded spsd = Spring seeded 
 
Across the region, the crops with the greatest potential area for carbon sequestration using no-till are 
soybeans with over 6 million acres (combining full season and double cropped production), small grains 
with over 4 million acres (combining Spring and Fall seeded grains), and cotton with 3.9 million acres.  
There is also an estimated 2 million acres of corn land across the SECARB region that could be used for 
no-till production (Table 5).   
 
Table 5. Crops in the SECARB region with the greatest potential for new no-till conversion 
 

Crop Potential Acres 
Soybeans - fs 5,246,634 
Cotton 3,989,116 
Other crops 2,803,712 
Small grain -spsd 2,398,504 
Corn 2,222,458 
Small grain - flsd 2,050,674 
Soybeans - dc 768,903 
Forage crops 536,788 
Sorghum 280,145 

 
Source: Conservation Tillage Information Center, Purdue University. 
fs = full season crop 
dc = double crop 
flsd = Fall seeded 
spsd = Spring seeded 

3.5.3 Case study on carbon supply from no-till agriculture in the 
Mississippi Delta states 
 
For this case study analysis it was assumed that land under row crops and small grains could be 
converted to no-till agriculture.  The ability of soil to sequester carbon is based on many factors, with soil 
texture being one of the more important ones.  For example, more carbon would be sequestered in clay 
soils than in sandy soils.  To capture this effect on rates of soil carbon sequestration under no-till, a soil 
texture map was generated by reclassifying the STATSGO data into three classes (fine [clay], medium 
[loam], and coarse [sandy]).  This texture map was then overlain on the cropland map that was then used 
to estimate the amount of carbon sequestered by this land-use change practice.  Areas of land under 
cotton were not included in the analysis as no reliable data for rates of soil carbon sequestration are 
available even though research suggests that soil carbon can increase by approximately 0.1 %/year as 
no-till is adopted (Bradley, 1996).  
 
Conservation tillage was used on 25.3 % of total crop area in the three-state area in 2002 (Table 4).  
Included in that amount are no-till practices, which were used on 16.8 % of total crop area that year.  
Conservation tillage is used on approximately a third of all cropland in Louisiana and Mississippi and on 
half that percentage in Arkansas.  No-till is used on almost 29 % of total cropland areas in Mississippi, 
followed by Louisiana (14 %) and Arkansas (12 %).  However, more area is actually farmed using 
conservation tillage in Arkansas than in Louisiana.  Conservation tillage is used on over 1.5 million ha in 
the three-state area with about 1.0 million ha in no-till systems. Interestingly, while the total area in crops 
and in conservation tillage declined from 2000 to 2002, the area of no-till in the three-state area increased 
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by almost 283,000 ha.  No-till area in the three-state region more than doubled in the ten years since 
1992 with more than half of the increase occurring since 2000. 
 
In 2002, there is wide variability among the percentages of the case study states’ area using 
conservation-tillage practices. For example, very little rice is grown using conservation tillage and the 
actual area under these practices fell significantly from 2000 to 2002.  However, there was a significant 
increase in the area (almost double) of cotton produced using no-till systems over that same time period.  
Conservation tillage practices (primarily ridge tillage) are used on almost 70 percent of sugarcane area 
with almost no area in no-till.  It appears that conservation tillage in general, and no-till in particular, can 
be used on all major crops and in all locations in the three-state study area.   
 

3.5.3.1 Rates of carbon accumulation for no-till agriculture 
There are many factors that can affect carbon sequestration in soil.  The scientific literature suggests that 
the soil and crop characteristics that most affect soil carbon sequestration are: 
 

• soil texture (percent clay, sand, and silt) 
• nitrogen content of the crop and soil 
• soil acidity pH 
• soil base saturation 
• soil bulk density 
• crop lignin content 
• cation exchange capacity 

 
Unfortunately, the scientific literature does not give general rules of thumb to quantify the carbon that will 
be sequestered as these variables change.  Furthermore, databases, both spatial and non-spatial are 
lacking for each of these characteristics except for soil texture.  
 
The increased amount of carbon sequestered by crops as no-till is adopted is summarized in West and 
Post (2002). The analyses of potential C sequestration rates were estimated from a database of 67 long-
term agricultural experiments, consisting of 276 paired treatments. Results indicate, on average (all crops 
and practices), that a change from conventional-till to no-till can sequester 0.57 ± 0.14 t C/ha.yr (± 95% 
confidence interval). Average amounts sequestered for individual crops and practices range from 0.44-
0.84 t C/ha.yr. The values which are pertinent to the crops in case study states are presented in Table 6.  
 
Table 6.  Summary of mean soil carbon sequestration rates (t C/ha.yr ± 95% confidence interval) 
for individual crops and practices under no-till pertinent to case study states.  These rates are 
likely to occur only over a 20 year period (data from West & Post, 2002). 
 
 
Crop 

Continuous 
Production 

Rotational 
Production 

Both practices 
combined 

Corn 0.44 (0.21) 0.62 (0.32) 0.55 (0.21) 
Soybeans 0.61 (0.46) 0.84 (0.52) 0.78 (0.38) 
Wheat 0.25 (0.26) No data 0.32 (0.21) 
Cotton No data 2.68 No data 

 
Because it is difficult to determine what kind of practice would be most adopted by farmers in the three 
states, the rates of carbon sequestration for both practices combined were used in the analysis.  It was 
further assumed that the mean rate for each crop was applicable to medium textured soils, the mean 
minus the 95 % CI was applicable to the coarse textured soils (0.11 to 0.40 t C/ha.yr), and the mean plus 
the 95 %CI was applicable to the fine textured soils (0.53 to 1.16 t C/ha.yr). 

3.5.3.2 Economic analysis for conversion to no-till cropping 
A summary of the estimated costs and benefits of using no-till for each major crop in each state in the 
study area are presented in Table 7.  Only estimates for no-till systems were calculated because of the 
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superior carbon sequestration benefits of no-till over other, more tillage-intensive forms of conservation 
tillage.  Specific cost and returns estimates for other reduced tillage systems are also generally 
unavailable.   
 
The costs and benefits to no-till appearing in published enterprise budgets are generally negative 
implying economic benefits to no-till.  Total benefits to no-till range from $ 57 per hectare for cotton in 
Arkansas to a cost of $ 27 per hectare for rice in Arkansas.  The average total benefit from enterprise 
budgets over the fifteen crop-state combinations is approximately $ 20 per hectare.   
 
Despite these generally favorable comparisons of no-till to conventional tillage systems, enterprise 
budgets tend to represent long-term, steady-state costs of production.  Initial investment costs and 
resultant cash-flow requirements are not included, nor are any learning curve costs associated with the 
adoption of new technology.  Therefore, for this analysis, published enterprise budget estimates have 
been supplemented with two additional costs representing initial machinery investment and slight yield 
losses in initial years. 
 
Several broad observations can be made from the cost/benefit analysis of no-till.  First, despite significant 
net benefits to no-till cotton in Arkansas, adoption rates have been very low. And, data for the carbon 
sequestration benefits for cotton is practically unknown.  Similarly, one would expect more wheat 
hectares to be produced using no-till given the potential benefits.  Rice, however, shows significant costs 
and this is consistent with reported low no-till adoption rates among rice producers. 
 
Table 7. Costs of no-till adoption as an annuity over 20 year period ($/ha)*. 
 
Crop Arkansas Louisiana Mississippi 
Cotton - $ 41.81 $ 28.42 $   8.18
Corn - $ 12.70 - $ 12.97 - $ 12.97
Rice $ 41.98 $ 10.08 $ 11.07
Soybeans - $ 10.01 $   5.36 - $ 18.11
Wheat - $ 32.20 - $ 26.29 - $ 19.97

*Negative numbers in bold represent negative costs or net benefits. 
 
The components of the total costs of no-till adoption include changes in direct costs of production (fuel, 
labor, chemical usage), changes in fixed costs of production (machinery ownership), and changes in 
yields per hectare.  The net cost was calculated for a single year and projected forward twenty years.  No 
adjustments were made for projected general cost increases over that period.  The twenty-year stream of 
costs was then discounted to determine the net present value of the stream.  A twenty-year annuity 
equivalent to the net present value was then calculated. 
 
Direct and fixed costs of production were taken from enterprise budgets published by the Extension 
Services in Arkansas, Louisiana, and Mississippi.  Estimates used in this analysis were differences in 
direct and fixed costs between published no-till and conventional tillage budgets for the same geographic 
area.  Averages of more than one budget were used where more than one location within a state was 
budgeted.  In a few instances budgeted differences from one state were used for another.  For example, 
no rice budgets were prepared in Mississippi, so Louisiana budgets were used instead.  In addition, no 
no-till wheat budgets were published in any state so adjustments were made to conventional tillage 
budgets to reflect changes in no-till costs. 
 
Conversion to no-till requires investment in new machinery or retrofitting existing machinery.  It is rare that 
a producer will convert all hectares at once to a new technology, so there is a period of time when 
machinery for both new and old technologies is present on the farm before the sale of any tillage 
implements.  Therefore, two adjustments were made to the analysis.  First, it is assumed that the fixed 
cost savings from no-till will not occur until year five of the analysis.  Second, a one-time initial investment 
in new machinery (or retrofitting) is assumed in year one.  The amount assumed is $ 12 per hectare for all 
crops except cotton, which is $ 25 per hectare. 
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Very few budgets showed any yield difference for a crop grown using no-till or conventional tillage 
systems.  This is consistent with information provided by agronomists on yield effects1,2.  However, while 
in theory there is no reason that yields will be reduced after conversion to no-till, in practice that is the 
outcome for many producers.  Certainly there is a perception that such is the case.  Therefore, yields 
were reduced by 5 % for each crop in years two and three of the analysis.  The yield cost was valued at 
the loan rate for each specific crop. 
 
A real discount rate – a nominal rate adjusted by inflation – of 4 % was used for this analysis.   However, 
certain benefits of no-till are not captured by this analysis.  Specifically, reduced risk from adverse 
weather conditions and increased long-term yields from improved soil health are not addressed due to 
lack of specific data.  These benefits would further reduce the costs of conversion to no-till and could 
warrant the use of a lower discount rate. 
 
Because so few of the crop-state combinations show actual net costs of converting to no-till and the long-
term no-till benefit issues discussed in the previous paragraph, it is probably more important to address 
near-term costs when providing incentives for farmers to adopt no-till.  To that end, an average of the 
initial three-year costs was calculated.  These costs are reported in Table 8. 
 
Table 8. Average costs of no-till adoption over first three years ($/ha)*. 
 
Crop Arkansas Louisiana Mississippi
Cotton $ 13.10 $ 70.50 $ 72.10
Corn $ 29.31 $ 27.85 $ 26.41
Rice $ 95.23 $ 47.91 $ 53.18
Soybeans $ 15.64 $ 25.13 $   5.36
Wheat - $   6.35 $   2.17 $   5.34

*Negative numbers in bold represent negative costs or net benefits. 
 
Added to the costs shown in Table 7 is the cost for measuring and monitoring carbon accumulation in the 
soil, which is estimated to average $ 3.16 per hectare per year.  Twenty years of continuous no-till use 
seems likely to result in a new carbon steady-state in the soil, based on the literature.  However, there is 
considerable scientific debate over how long it will take to reach a new steady-state.  Over a 20-year 
carbon project (the only length considered in this analysis), the discounted stream of measuring and 
monitoring costs will equal $ 47.05 per hectare on average.   This cost is added to the respective costs in 
Table 7 to estimate the required per area cost of acquiring carbon projects from no-till agriculture for each 
crop-state combination.  
 

3.5.3.3 Adoption of no-till by farmers 
The costs reported in Table 7 are those that some farmers see as barriers to adoption.  Current programs 
by Monsanto aim to address the issue of retrofitting old equipment and purchasing new spray equipment 
by providing rebates on equipment purchases.  A new farm bill also contains provisions for conservation 
payments to provide incentives for no-till adoption.  Up to $40 per acre ($ 99/ha) has been discussed as a 
farmer incentive in each of the first few years of no-till adoption, but the rules, regulations, and 
appropriations for this part of the farm bill are not yet complete.  These are all variables that should be 
considered in the development of carbon supply functions and the design of any contract to purchase 
carbon sinks. Given clear economic reasons to adopt no-till for all crops with the exception of perhaps 
rice, there must be other, non-economic reasons that farmers consider when evaluating a decision to 
adopt no-till production systems.  Several studies provide insights into why farmers may not adopt no-till. 
 

                                                      
1 Bradley, John. F., Monsanto Company, personal communication, 2003. 
2 Burmeister, Charles, Auburn University, personal communication, 2003. 
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A study of South Dakota farmers conducted in 20013 found that cost and profit issues were foremost 
among the reasons why farmers have not adopted or adopted and quit no-till systems.  In fact, significant 
percentages of respondents (26-78 %, depending on question and income category) indicated that capital 
investment, changes in economic planning, and a lack of incentive payments were significant barriers to 
adoption. Barriers to adoption offered by a focus group of farmers in Ontario, Canada in 20014 were 
consistent with the South Dakota survey.  In addition to the investment concerns expressed by South 
Dakota farmers, Ontario farmers were also concerned with agronomic issues concerning yields and soil 
types, despite research showing no reductions in yields in no-till systems. 
 
The Economic Research Service (ERS) of the USDA has conducted several econometric studies of 
adoption of conservation practices as part of its Area Studies projects5.  In a model of all included 
geographic areas statistically significant determinants of the adoption of no-till included: farm size (+)6, 
rotation practices (+), row-crop production (-), double cropping (+), and irrigation (-).  In addition, a farm 
having a conservation plan was more likely to adopt no-till as were farms that were warmer and wetter, 
however these climate variables more likely reflect geographic location differences than differing soil 
conditions.  Farmer experience and education showed no effects. 
 
Another model of the ERS study relating farm variables to no-till adoption among soybean farmers in an 
area including the Mississippi Delta resulted in similar findings with a few exceptions.  More experienced 
farmers were less likely to adopt no-till.  Those who rotated crops in this geographic area were less likely 
to adopt, but those who spread manure were more likely to adopt no-till.  One unexplained result was that 
farms with higher levels of erosion were less likely to use no-till. 
 
Finally, Monsanto has conducted extensive market research to identify barriers to adoption of no-till 
technology and the Monsanto market research provides considerable insight into no-till adoption.  
Barriers to adoption include misperceptions on the efficacy of no-till on certain soil types as well as 
general positive feelings about cultivation.  Demonstrating positive economics to farmers would 
encourage approximately 27 % of the respondents to adopt no-till.  However, an equal percentage of 
farmers indicated that nothing could encourage them to adopt7. 
 
There are almost 5 million hectares in the case study states on which no-till could be adopted.  Excluding 
rice and sugarcane hectares from the 5 million hectares leaves almost 3.9 million hectares.  There are 
also over 48,500 hectares of vegetables that would not use no-till production.  Excluding vegetable areas 
and the 27 % of farmers who will not adopt no-till for any reason (assuming average farm sizes) leaves 
just under 2.8 million hectares as an upper bound on the potential for no-till adoption.  A set of incentives 
to facilitate no-till adoption in exchange for carbon rights in conjunction with the new farm bill and industry 
incentives may provide some likelihood for successful conversion to no-till on these hectares.   

3.5.3.4 Carbon supply for conversion to no-till agriculture 
 
No till farming often involves little or no additional cost as compared to conventional farming. In fact, in 
many cases, applying no-till farming reduces the cost. This implies “negative cost” of carbon supply from 
no-till farming. This is shown in Figure 13 as the large amount of carbon at zero or negative cost (1.9 
million t C). Cost for additional carbon sequestration from no-till rise rapidly after the 1.9 million t C (7.6 

                                                      
3 Redlin, Meredith, Final Report No-Till Usage Survey, South Dakota State University, prepared for South Dakota 
Department of Environmental and Natural Resources and South Dakota Association of Conservation Districts, Inc. 
2001. 
4 Deen, Bill, Bev Kay and Greg Stewart.  Limits to Adoption of No-Till Practices.  Ontario Ministry of Agriculture, 
Food and Rural Affairs. 2001. 
5 Caswell, Margriet, Keith Fuglie, Cassandra Ingram, Sharon Jans, and Catherine Kascak. Adoption of Agricultural 
Production Practices: Lessons learned from the U.S. Department of Agriculture Area Studies Project.  Resource 
Economics Division, Economic Research Service, U.S. Department of Agriculture.  Agriculture Economic Report 
No. 792.  January 2001. 
6 The sign in parentheses reflects the direction of the variable.  For example, a positive direction (+) indicates that 
the variable would have a positive effect on no-till adoption. 
7 Bradley, John F.  Monsanto Company.  personal communication. 
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million short t CO2) to the point that an additional 0.1 million t C cost up to $120/t C.  No-till farming is 
limited to certain types of crops; the areas of these crops are determined by a number of factors. This 
feature is reflected in the carbon supply curve of no-till farming (Figure 13) by the “jump” in amount of 
carbon credits. The jump is due to the availability of cropland that is applicable for no-till farming.  The 1.9 
million t C available from conversion to no-till is located in the states of AR and MS with small parcels in 
LA (Figure 14). 
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Figure 13. Potentially available carbon supply for areas currently under row crops and 
small grains that could be converted to no-tillage practice in relation to the cost .   
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Figure 14.  Carbon supply curve for conversion of conventional-till to no-till on croplands 
over a 20-year period.   
 

4.  Carbon Sequestration Potential on Grazing Lands 
4.1 Rates of carbon accumulation for afforestation 
The method used for estimating the rates of carbon accumulation for afforestation of the grazing land is 
the same as for cropland, as described in section 3.1. 
 

4.2 Area for carbon sequestration on grazing lands 
The methods used for investigating the carbon sequestration potential of grazing lands through 
afforestation are the same as those listed for crop lands.  This methodology was applied to the 
grasslands and pasture/hay land-use types. The total grazing land in SECARB is approximately 11.3 
million hectares.  This is substantially more area than that of row crops for the SECARB states. Our 
analysis finds afforestation to occur most rapidly in the more southern reaches of the SECARB states. 
After 80 years the greatest carbon accumulation per hectare is found in Tennessee and near the 
Mississippi valley (Figures 15-17).  The pattern of growth potential coincides well with soil characteristics. 
See Appendix C for examples of unit conversions of t carbon/ha into t CO2/ha. 
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Figure 15.  Distribution of the amount of carbon sequestered after 20 years, in t C/ha, for 
afforestation activities on grazing lands in the SECARB region. 

 
Figure 16.  Distribution of the amount of carbon sequestered after 40 years, in t C/ha, for 
afforestation activities on grazing lands in the SECARB region.   

t C/ha 

t C/ha 
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Figure 17.  Distribution of the amount of carbon sequestered after 80 years, in t C/ha, for 
afforestation activities on grazing lands in the SECARB region.   

4.3 Economic analysis and total costs  
As in the economic analyses for converting cropland to forest, we focus on the cost of taking a parcel of 
land out of grazing and putting it in some other carbon sequestering use.  A detailed description of how 
the economic analysis was conducted is provided in section 3.3.  Briefly for grazing lands, the opportunity 
cost was based on the profits generated by producing hay.  This approach provides a conservative 
estimate for carbon supply analysis as it is likely to show a greater profit than estimates based on cow 
profitability from forage productivity.  The area weighted average total cost per hectare for each state 
varies dependent on the average profit per acre. (Table 9). As an example, the spatial distribution of total 
cost in $/ha for carbon sequestration activities after 40 years is shown in Figure 18.   
 
Table 9. The area weighted average total costs per ha ($/ha) for afforestation on crop lands for 
each state and the percentage those total costs assigned to opportunity cost. 
 

  20 years 40 years 80 years 
Alabama $1,657 64% $2,137 72% $2,451 76% 
Arkansas $1,667 64% $2,151 72% $2,469 76% 
Florida $1,843 67% $2,408 75% $2,779 79% 
Georgia $1,919 69% $2,519 76% $2,913 80% 
Louisiana $1,858 68% $2,430 75% $2,805 79% 
Mississippi $1,751 66% $2,274 74% $2,617 77% 
North Carolina $1,708 65% $2,212 73% $2,542 77% 
South Carolina $1,709 65% $2,214 73% $2,544 77% 
Tennessee $1,637 63% $2,109 71% $2,417 75% 
All SECARB states $1,676 64% $2,165 72% $2,485 76% 

 

t C/ha 
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Figure 18:  Distribution of the total costs for afforesting grazing lands, in $/ha after 40 years, for 
states in the SECARB region.  

4.4 Carbon supply for afforesting grazing lands  
There are almost 11 million hectares of grazing land in the SECARB states.  The lower opportunity costs 
for afforestation of grazing land results in lower costs per ton of carbon throughout the region.  Locations 
of increased costs per ton reflect the lower projected carbon sequestration ability of that area such as 
northern Arkansas, southern Louisiana, and southern Florida (Figures 19-21). Over 90% of grazing land 
could be converted to afforestation at a price point of less than $30/t C if land was afforested for 80 years. 
(See Appendix A Table A2 for the area weighted average estimates of $/t C at the county level and 
Appendix C for examples of unit conversions of $/t carbon into $/t CO2.) 
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Figure 19a:  Distribution of cost to sequester carbon via afforestation on grazing land for the 
SECARB states over 20 years, in $/ t C.   

 
 

Figure 19b:  Distribution, at the county scale, of the cost to sequester carbon via afforestation of 
grazing land for the SECARB states over 20 years, in $/ t C.   
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Figure 19c:  Distribution at the county scale of the total quantity of carbon, in metric t, through 
afforestation of grazing lands for the SECARB states over 20 years.   

 
Figure 20a:  Distribution of cost to sequester carbon via afforestation on grazing land for the 
SECARB states over 40 years, in $/ t C.   
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Figure 20b:  Distribution, at the county scale, of the cost to sequester carbon via afforestation of 
grazing land for the SECARB states over 40 years, in $/ t C.   

 
 
Figure 20c:  Distribution at the county scale of the total quantity of carbon, in metric t, through 
afforestation of grazing lands for the SECARB states over 40 years.   
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Figure 21a:  Distribution of cost to sequester carbon via afforestation on grazing land for the 
SECARB states over 80 years, in $/ t C.   

 
Figure 21b:  Distribution, at the country scale, of the cost to sequester carbon via afforestation of 
grazing land for the SECARB states over 80 years, in $/ t C.   
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Figure 21c:  Distribution at the county scale of the total quantity of carbon, in metric t, through 
afforestation of grazing lands for the SECARB states over 80 years.   
 
The analysis indicates that, if the carbon price reached $30/t C ($8.21/t CO2), it would be financially 
feasible for 25% or 2.8 million ha of the grazing land to be afforested for 20 years. However, for a 80 year 
afforestation period, over 90% of grazing land could be financially afforested at a carbon price of $30/t.  
Grazing land in the SECARB states is a significantly less expensive source of carbon than is cropland 
(Figure 22a).  The analysis also suggests that at $30/t carbon price there are up to 1.1 billion tons of 
carbon available from afforestation on grazing lands over 80 years, with lesser amounts being attainable 
after 40 years (812 million tons) and 20 years (177 million tons). 
 
Although at a price of $20/t C, very little grazing land would be available for a 20 year time period, about 
20% of grazing land could economically be converted for afforestation for 80 years (Figure 22a).  A higher 
price of $40/t C ($11/t CO2) price could produce 395 million tons of carbon on 6.9 million hectares for land 
afforested for 20 years, 900 million tons of carbon on 9.9 million hectares for land afforested for 40 years, 
and 1.184 billion tons of carbon on 10.99 million hectares for land afforested for 80 years (Figure 22a and 
22b). See Appendix A Table A2 for the county level projected amount of carbon sequestered if all land 
that was available for reforestation at a price point of <$30/t C were afforested. 
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Figure 22a: Areas of grazing lands available for afforestation as a function of unit carbon costs in 
the SECARB region.  
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Figure 22b: Total carbon supply capacity for afforesting areas currently under grazing lands.  
 

5.  Carbon Sequestration Potential on Forest Lands 
Previous reports (Winrock International 2003, 2004) focused on a range of sequestration options 
including aging softwood timber beyond the current economically optimal rotation period, increasing 
management, and converting hardwood forests to softwood forests.  These earlier efforts indicated that 
converting hardwoods to softwoods would be a fairly expensive alternative, while increasing management 
intensity and holding forests beyond their economically optimal rotation period were potentially viable 
depending on the value of carbon sequestration.   
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The current analysis expands the earlier work to include additional states, namely Alabama, Florida, 
North Carolina, South Carolina, and Tennessee.  This report focuses on potential increases in carbon 
sequestration associated with holding trees longer than their currently optimal timber only rotation.  
Analysis of the costs of carbon sequestration through enhanced forest management is not addressed in 
the additional states, and therefore is not discussed in this report.  

5.1 Costs of extending rotation period in Alabama, Florida, North 
Carolina, South Carolina, and Tennessee 

5.1.1 Methodology 
 
The methods used to estimate the costs of carbon sequestration through aging are updated and revised 
in this report relative to earlier reports provided to Winrock (Sohngen, 2003, 2004).  Earlier reports for four 
of the SECARB states – Arkansas, Georgia, Louisiana, and Mississippi –calculated average costs of 
carbon sequestration, and focused on estimating the average opportunity costs of holding timber longer 
than the original rotation period.  The methods utilized in this report estimate marginal costs for 
permanent sequestration of carbon through aging timber.   
 
To estimate the marginal costs of carbon sequestration in forests through aging, the optimal rotation 
period with and without terms for the valuation of carbon storage is calculated.  Optimal rotation periods 
for a range of carbon prices, and the additional (permanent) carbon stored for the alternative rotation 
periods are calculated.  The carbon prices that achieve 5, 10, or 15 year aging periods are then used to 
summarize the potential storage of carbon in the region.  
 
Several important assumptions underlie this analysis.  First, prices for all products and carbon are 
assumed to be constant over time. Second, for financial analysis, the value of carbon sequestration is 
discounted.  It is imperative to discount carbon when calculating the optimal rotation period in this 
analysis because landowners are assumed to receive rental payments for the carbon sequestered in 
each year it is sequestered.  When calculating potential carbon storage associated with the increases in 
carbon, however, it is possible to calculate total undiscounted tons or total discounted tons, as shown 
below.  Individuals using this data are cautioned when using undiscounted carbon estimates, however, 
because carbon occurs in different periods, and has different opportunity costs.  Third, only softwoods are 
considered in the analysis.   
 
To calculate optimal rotation periods under alternative carbon and timber prices, the following function is 
maximized;  
 
(1)  Stand Value =  
  

 W(a) =   
)1(

)()()()()(
0

ra

a
rn
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ra
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−

−+++ ∫ βαφφ
 

 
Where: 
 PS = price of sawtimber products (stumpage, $/ft3) 
 Pp = price of pulpwood products is (stumpage, $/ft3) 
 PC = price of sequestering a ton of carbon forever  
 V(a) = biomass yield, or growing stock volume (ft3 per hectare) 
 ΦS = proportion of biomass used for sawtimber 
 ΦP = proportion of biomass used for pulpwood 
 α = conversion factor converting harvested biomass into "permanently"    
 stored carbon. 
 β(n)  = conversion factor converting biomass yield into carbon at time n. 
 C = harvesting costs 

DE-FC26-03NT41980

SECARB Deliverables Appendix Document
Volume I

Page 477 of 548



 46

 r = interest rate 
 a = rotation period. 
  
The first part of equation (1) represents the value of harvesting the stand and selling products in markets, 
(PSφS + PPφP)*V(a)e-ra.  The second part of (1) is the value of storing carbon permanently in markets 
[PCαV(a)e-ra].  The term α is calculated as the present value of initial storage in market products less the 
present value of decay:  
 

 α = ∫∫
∞

−
∞

− −+−
00

)()0()()0( dnendnen rn
PPP

rn
SSS γφδγφγφδγφ  

 
The term γ accounts for wood density and converts wood biomass into carbon.  The term α therefore 
accounts for the proportion of the harvested volume that is carbon as well as the proportion stored 
permanently in marketed products.  Permanent storage is valued at the market price for carbon 

sequestration, PC.  The term [ ∫ −
a

rn
C dnenVnrP

0

)()(β ] accounts for the value of carbon sequestered on 

the stump.  Carbon on the stump is rented annually at the rate of rPC.  Since the volume of carbon on the 
stump grows over time, the annual value of rental payments for carbon sequestration will increase over 
time.  Consequently, within each rotation, the present value of rental payments must be calculated with 
the integral in (1).  The term β(n) converts timber volume into carbon.  As noted in Brown and Schroeder 
(1999), carbon per unit of timber volume changes over time, so the carbon conversion factor for timber on 
the stump is a function of time. 
 
For the analysis, equation (1) is solved numerically for each timber type and pricing region in the analysis 
(described below) over a set of constant carbon prices (ranging from $0 - $750 per t C) to determine the 
optimal rotation age. The carbon price represents the marginal cost of carbon storage in forests.   Thus, 
for each carbon price (or marginal cost), the optimal additional aging period is calculated.   
 
In order to estimate the additional carbon stored by extending rotations, one must know the baseline 
harvest rotation, an alternative harvest rotation, and a time period of analysis.  For this study, the baseline 
is the current economically optimal rotation determined endogenously by equation (1) above with current 
prices, costs, and yield functions.  For the baseline, PC = 0.  The alternative harvest rotation is 5, 10, or 15 
additional years between harvests.  For example, if the baseline harvest age is 30 years, then one 
alternative strategy would be to hold the trees for 5 years longer and harvest them at age 35, followed by 
future harvests at age 35.  The time period for this analysis is 300 years.  The rationale for choosing 300 
years is that there is very little additional benefit of lengthening rotations beyond that time period.  Further, 
with discounting, any gains beyond this period have very little impact upon the sequestration estimates.   
 
 
The difference in carbon stocks for the baseline rotation and for a 15 year rotation extension is shown for 
a medium site class loblolly stand in Alabama in Figure 23.  As can be seen in the figure, the extended 
rotation case holds more carbon on-site initially, whereas the original rotation length results in a harvest 
and emission of some carbon.  This represents one benefit of increasing rotation ages – holding more 
carbon on site initially.  Also, in the long run, the extended rotation holds more carbon on site, and due to 
the increased harvests resulting from increased rotation lengths, more carbon in forest products.   
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Figure 23: Comparison of total carbon storage on the landscape and in forest products 
over a 300 year period for a high site loblolly stand in Alabama. 
 
For this study, permanent carbon gains are calculated by comparing the difference in the stocks for two 
different rotations, and then calculating the annual change in this difference.  This calculation credits the 
lengthened rotation for maintaining the stock initially and avoiding an emission, and it credits future 
storage of timber products.  It also debits the lengthened rotation for delaying the faster earlier growing 
period, and for emitting carbon at harvest time.  The stream of incremental carbon gains or losses are 
discounted to determine the net present value of the gain in carbon associated with aging a forest for 
additional years before harvesting.   
 
The carbon benefit is therefore estimated by first calculating the difference in stocks in each future year 
(equation 2a).  Then the annual change in this number is calculated (equation 2b), and finally, the net 
present value of the annual change is calculated (equation 2c). 
 
(2a) B

t
ER
tt CSCSCSD −=  

 
(2b)  1−−= ttt CSDCSDS  
 

(2c)  ∑ −+=
300

0

)1()( t
t rSCarbonPV  

 
Equation (2c) is the calculation used in the study to estimate carbon sequestered by extending rotations 
permanently.  Shorter term contracts that purchase the carbon gains for a given time period, such as 20, 
40, or 80 years, are possible as well.  Although shorter term contracts can be developed that transfer the 
rights to the carbon to an investor, if the investor no longer holds that carbon after the contract, we 
assume the carbon remains on the site and can be sold to someone else.  That is, with the carbon prices 
simulated through PC above, landowners will still have an incentive to maintain the increased rotation 
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after the original contract has expired, and to sell or rent the carbon to someone else if the original 
investor has cheaper opportunities elsewhere.   
 
When considering shorter term contracts, one issue is whether investors should purchase the specific 
tons associated with the shorter time period, or the permanent tons calculated through equations (2a) – 
(2c) above.  An individual purchasing only the first 20, 40, or 80 years of carbon specifically may end up 
with negative carbon gains depending on contract length and timing of harvests.  For example, table 10 
presents the discounted and undiscounted carbon gains for 20, 40, and 80 year time periods for the 15 
year rotation extension on medium site loblolly pines in Alabama.  This is the calculation of equation (2c) 
above over the shorter time periods, assuming r = 0 or 6%.   
 
Table 10: Carbon gains over a 20, 40, 80, and 300 year period for a medium site loblolly pine stand 
in Alabama. 
 5 year wait 10 year wait 15 year wait 
 Disc. Undisc. Disc. Undisc. Disc. Undisc. 
(1) 20 yr C gain 1.8 -5.8 3.6 -12.2 5.2 -19.1 
(2) 40 yr C gain 3.6 -12.9 9.4 15.2 11.5 11.2 
(3) 80 yr C gain 4.3 -16.1 8.1 4.4 10.9 -3.8 
(4) 300 yr C gain 4.5 -- 8.1 -- 11.0 -- 
(5) Gain in average C 
storage for last rotation 

-- 
 

2.4 
 

-- 
 

5.0 
 

-- 
 

4.6 
 

 
As can be seen in Table 8, over a 20 year period, undiscounted carbon gains are negative for all three 
waiting periods.   Figure 22 shows this for the 15 year waiting period and the 20 year contract, where the 
total carbon in the lengthened rotation lies below the total carbon in the original rotation.  For a 40 year 
period, they are negative for the 5 year waiting period in the undiscounted case, and for an 80 year 
period, they are negative in the undiscounted cases for the 5 and 15 year waiting period.  They are 
positive for all of the discounted cases, although they are larger for the longer time periods.  The negative 
values in the undiscounted cases result from the fact that the end of the accounting period occurs at a 
point when the original rotation age stores more carbon by that date than the alternative, lengthened 
rotation. 
 
The results in the table also illustrate a problem with using results that do not rely on discounting carbon 
gains.  The ending period for carbon accounting has a larger effect on estimates of total carbon gain 
without discounting because the ending period is just as heavily weighted as the initial period.  Thus, if 
the ending period for accounting happens to occur in a period when total carbon storage for the extended 
rotation is lower than the baseline, as occurs under the 80 year contract for the 15 year hold period, then 
the net gains will be calculated as negative.   
 
For this study, we assume that the projects themselves are permanent.  That is, they entail permanent 
changes in timber rotations.  Investors can rent the carbon gains associated with the permanent change 
for a number of years, rather than the entire time period.  We assume that they get the carbon gains of 
the permanent projects for the years in which they rent the carbon gains.  They get to use the carbon as 
offsets only for years over which they rent the permanent carbon gain that will accrue on the site.  The 
carbon gain they rent is the discounted value of the net annual gains, as calculated by equation (2c) 
above and shown in row (4) above in table 8.   
 
An alternative that has been suggested by some groups is to estimate the average gain in carbon in the 
last timber rotation in the 300 year period.  This value is shown in the last row of table 8. 
From an economics perspective, the discounted gain over 300 years is preferred because that method 
weights the carbon, through discounting, according to when it is sequestered.  The method shown in the 
last row of table 8 ignores the fact that the carbon gains are accumulating over time, and the initial gains 
may in fact be fairly substantial for some species.  For this study, it is assumed that investors will rent 
or purchase the present value carbon estimated in row (4) of Table 8, and calculated by equations 
(2a) – (2c) above.   
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The total costs of purchasing the tons on a single hectare are: 
 

(3)  Total Costs = )()1()1(
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Shorter term contracts will still have access to the full permanent carbon gain shown in row 4 of table 8.  
The total cost to the investors will differ because they are purchasing the carbon for less than the 
permanent time period.  For a 20 year contract, total costs are: 
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The investors will be able to offset the entire amount shown in row (4) in table 8 during the 20 years they 
"rent" this carbon.  The total costs to them will, however, be less if they rent the tons for 20 years rather 
than if they purchase them outright.  Note that if they rent these tons only 20 years, the investor will still 
need to have these or offsets at the end of the 20 year period to account for the carbon they emitted.   
 
The carbon analysis uses a discount rate r = 6% to be consistent with the financial analysis.  It is 
important to discount carbon for financial analysis because forestry options must be compared to other 
alternatives companies have.  Choosing too low a discount rate can bias the results when compared to 
other opportunities. 

5.1.2 Data 
Data for the analysis is drawn from several sources: 
 
Inventory and Yield function parameters: This data is obtained from the USDA Forest Service Forest 
Inventory and Analysis database (USDA Forest Service, FIA), FIA Mapmaker version 1.7.  For each state, 
the most recent complete periodic inventory is used, as follows: 
  

• Alabama: Cycle 07 (2000) 
• Florida: Cycle 02 (1995) 
• North Carolina: Cycle 03 (2002) 
• South Carolina: Cycle 02 (1993) 
• Tennessee: Cycle 06 (1999) 

 
Data is downloaded on the age class distribution of forest types, and the proportion in different site 
classes.   
 
Individual yield functions for species in the region are estimated based from information on growing stock 
and acres in different age classes (see Appendix B).  All yield information is originally estimated in ft3 per 
acre, and converted to metric units during the analysis.  Yield functions are calculated for Alabama and 
Florida separately from North Carolina, South Carolina, and Tennessee. 
 
Price Data:  Prices are obtained from Timber Mart South.  Timber Mart South collects data on two price 
regions in each state.  This level of dis-aggregation is used in this report by assigning region specific 
prices to the present value calculations for each county.  Average prices for the period 2002 – 2004 are 
used for the analysis (Table 11). 
 
Table 11. Timber prices used in analysis 
 

 
Softwood 
Sawtimber 

Softwood 
Pulp 

 $/ft3 $/ft3 
Alabama North 1.74 0.58 
Alabama South 1.89 0.64 

DE-FC26-03NT41980

SECARB Deliverables Appendix Document
Volume I

Page 481 of 548



 50

Florida North 1.36 0.64 
Florida South 1.53 0.76 
North Carolina East 1.20 0.54 
North Carolina West 1.58 0.41 
South Carolina East 1.59 0.53 
South Carolina West 1.48 0.49 
Tennessee East 0.93 0.51 
Tennessee West 1.20 0.61 

 
 
Cost Data: Data from Rogers and Munn (2003) is used to estimate the costs of different types of forest 
management activities (Table 12).  Their data is from Mississippi, and represents costs typical for Timber 
Management Organizations.  Their costs are consistent with results from a recent large assessment of 
southern forest resources (Siry, 2002). 
 
Biomass/Carbon Data: Biomass conversion factors from Brown and Schroeder (1999) are used in this 
analysis.  The biomass expansion factors they present for eastern softwood forests are as follows: 
 
(1)  If Growing Stock Volume <10 m3 per ha => 1.68 Mg/m3 
 If Growing Stock Volume ≥10 and ≤100 m3 per ha => 0.95 Mg/m3 

If Growing Stock Volume >100 m3 per ha => 0.81 Mg/m3 
 
To estimate the carbon gains associated with holding stands for additional time, timber yield functions for 
specific site qualities are used to generate growing stock volume, and annual biomass growth is 
calculated.  Carbon is assumed to be 50% of total biomass. 
 
Carbon stocks in products are tracked using rates suggested by Row and Phelps (1996) and Winjum et 
al. (1998).  First, we assume that when a softwood stand is harvested, 43% enters products and 57% is 
emitted immediately, either on-site through decay of deadwood or through use in the energy sector.  
Second, solidwood products are assumed to turnover at a rate of 0.5% per year and release carbon, 
while pulpwood turns over at a rate of 1% per year.  
 
Table 12. Costs and timing of management activities ($$ per hectare).  Costs all estimated from 
Rogers and Munn (2003) 
 

Practice Cost per Hectare Age Yield Effect at Harvest 
(1) Regular management 
 
Planting Cost 

 
 

$625 

 
 
0 

 
 

0% 
(4) Intensive Management 
 
Planting Cost 
Fertilizing Cost 
Chemical Cost 
Thinning Cost 
Fertilizing Cost 
Chemical Cost 
 

 
 

$625 
$136 
$222 
$494 
$136 
$136 

 
 
0 
0 
0 

15 
15 
15 

 

 
 
 
 

+22% 

5.1.3 Results 
 
Tables 13 and 14 present the marginal costs, and the carbon gains associated with holding carbon for 5 – 
10 – 15 years longer than the optimal rotation period for permanent changes in rotations.  The results are 
shown for three site classes of loblolly/shortleaf pine and two site classes of longleaf/slash pine.  Table 13 
presents results for the costs of increasing rotations assuming conventional forest management (no 
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thinning or fertilizing) for the entire SECARB region.  Table 14 presents the results for the costs assuming 
high intensity forest management for a selection of states (Alabama, Florida, North Carolina, South 
Carolina, and Tennessee.  As in the earlier reports on other SECARB states, the costs of increasing 
rotation ages on intensively managed forests are found to be substantially higher than the costs for less 
intensive management.  Higher intensity management generally occurs on more valuable land and 
increases the productivity and profitability of the site.  Increasing rotation ages on intensively managed 
forests does not appear economically viable at likely carbon prices over the next 10 – 20 years, and 
therefore is not presented for all SECARB states in this report.   
 
As noted above, individual companies can rent carbon projects on land where aging is accomplished for 
shorter time periods than the "permanent" 300 year time period considered above.  The marginal costs 
will be the same for shorter contracts, although the total cost of the contract will be less for the shorter 
time period.  Tables 15 and 16 present the total costs of purchasing carbon for the permanent time 
period, and a shorter 20 year time period under the less intensive management option.  Total costs for the 
high intensity management for a selection of the states are shown in tables 17 and 18.  The costs of the 
permanent contract are the costs that would be incurred if the individuals were to purchase a perpetual 
easement on the property for the carbon.  The costs for the 20 year period contract are the costs for 
renting the carbon for only 20 years.  Note that in all cases, the costs are the costs of the incremental 
carbon only.  Landowners would still be able to harvest timber and would retain other rights to the land. 
 
The total amount of carbon available for sequestration in softwoods on private and public timberland for 
the SECARB region is shown in table 19.  The total is derived by summing the marginal costs and tons 
carbon per hectare for each site class in loblolly or slash in each county of the 5 state region.  Only 
softwood timberland that is 25 – 35 years old according to the USDA Forest Service FIA database is 
included in the analysis.  Future contracts could be established on younger stands, but ages 25 - 35 are 
deemed to be the most appropriate for aging currently.  
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Table 13: Marginal Costs of Sequestration and Carbon Storage: Permanent contracts and regular management 
 Aging Loblolly High Loblolly – Medium Loblolly – Low LL/Slash – Medium LL/Slash- Low 
 Period t C/ha $$/t C t C/ha $$/t C t C/ha $$/t C t C/ha $$/t C t C/ha $$/t C 
Alabama – North 5 yrs 4.9 $110 4.5 $100 3.2 $75 5.0 $115 2.6 $100 
 10 yrs 8.7 $200 8.1 $170 5.8 $135 8.9 $210 4.8 $175 
 15 yrs 11.6 $265 11.0 $220 8.0 $175 12.0 $275 6.5 $215 
Alabama – South 5 yrs 4.8 $100 4.4 $95 3.2 $90 5.0 $130 2.6 $115 
 10 yrs 8.6 $200 8.0 $175 5.8 $155 8.9 $235 4.8 $195 
 15 yrs 11.5 $275 10.9 $230 8.0 $195 12.0 $300 6.5 $240 
Arkansas – North 5 yrs 9.3 $70 9.1 $50 5.9 $40 5.9 $70 4.6 $60 
 10 yrs 16.8 $120 16.4 $85 10.6 $65 10.4 $130 8.0 $110 
 15 yrs 22.7 $160 22.1 $120 14.4 $85 13.7 $180 10.4 $155 
Arkansas - South 5 yrs 9.3 $60 9.1 $45 5.9 $35 5.9 $60 4.6 $50 
 10 yrs 16.8 $105 16.4 $75 10.6 $58 10.4 $110 8.0 $95 
 15 yrs 22.7 $140 22.1 $105 14.4 $75 13.7 $160 10.4 $135 
Florida - North 5 yrs 4.8 $75 4.4 $65 3.1 $55 5.0 $90 2.6 $80 
 10 yrs 8.5 $140 7.9 $125 5.7 $100 8.9 $160 4.8 $135 
 15 yrs 11.4 $195 10.7 $165 7.8 $130 11.9 $210 6.5 $165 
Florida - South 5 yrs 4.8 $75 4.4 $65 3.1 $55 5.0 $90 2.6 $80 
 10 yrs 8.5 $140 7.9 $125 5.7 $100 8.9 $160 4.8 $135 
 15 yrs 11.4 $195 10.7 $165 7.8 $130 11.9 $210 6.5 $165 
Georgia - North 5 yrs 5.6 $105 4.6 $95 4.8 $60 7.1 $70 2.4 $100 
 10 yrs 10.0 $170 8.2 $165 8.6 $110 12.8 $115 4.3 $180 
 15 yrs 13.4 $210 11.0 $210 11.6 $145 17.5 $145 5.7 $230 
Georgia - South 5 yrs 5.5 $125 4.5 $110 4.8 $90 7.1 $100 2.4 $150 
 10 yrs 9.9 $215 8.1 $210 8.6 $155 12.8 $160 4.3 $250 
 15 yrs 13.3 $270 10.9 $270 11.6 $200 17.5 $195 5.7 $315 
Louisiana – R1 5 yrs 9.1 $85 8.9 $65 5.8 $55 5.9 $85 4.7 $80 
 10 yrs 16.5 $155 16.1 $110 10.4 $90 10.4 $160 8.0 $140 
 15 yrs 22.4 $205 21.8 $150 14.1 $115 13.7 $230 10.5 $200 
Louisiana – R2 5 yrs 9.3 $95 8.9 $60 5.8 $50 5.9 $100 4.7 $75 
 10 yrs 16.8 $160 16.1 $110 10.4 $85 10.4 $170 8.0 $140 
 15 yrs 22.7 $215 21.8 $150 14.1 $113 13.7 $240 10.5 $195 
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Table 13, continued: Marginal Costs of Sequestration and Carbon Storage: Permanent contracts and regular management 
 Aging Loblolly High Loblolly – Medium Loblolly – Low LL/Slash – Medium LL/Slash- Low 
 Period t C/ha $$/t C t C/ha $$/t C t C/ha $$/t C t C/ha $$/t C t C/ha $$/t C 
Louisiana – R3 5 yrs 9.1 $90 8.9 $70 5.8 $55 5.9 $90 4.7 $85 
 10 yrs 16.5 $160 16.1 $115 10.4 $95 10.4 $170 8.0 $150 
 15 yrs 22.4 $215 21.8 $160 14.1 $120 13.7 $240 10.5 $210 
Louisiana – R4 5 yrs 9.3 $100 8.9 $65 5.8 $55 5.9 $100 4.7 $80 
 10 yrs 16.8 $170 16.1 $115 10.4 $90 10.4 $180 8.0 $145 
 15 yrs 22.7 $225 21.8 $155 14.1 $120 13.7 $250 10.5 $205 
Louisiana – R5 5 yrs 9.3 $95 8.9 $60 5.8 $50 5.9 $100 4.7 $75 
 10 yrs 16.8 $165 16.1 $110 10.4 $90 10.4 $175 8.0 $140 
 15 yrs 22.7 $215 21.8 $150 14.1 $115 13.7 $245 10.5 $200 
Mississippi – R1 5 yrs 9.3 $110 8.9 $75 5.8 $65 5.9 $115 4.7 $90 
 10 yrs 16.8 $190 16.1 $130 10.4 $105 10.4 $205 8.0 $170 
 15 yrs 22.7 $255 21.8 $180 14.1 $135 13.7 $285 10.5 $235 
Mississippi – R2 5 yrs 9.3 $115 8.9 $75 5.8 $65 5.9 $120 4.7 $95 
 10 yrs 16.8 $200 16.1 $135 10.4 $110 10.4 $210 8.0 $175 
 15 yrs 22.7 $260 21.8 $185 14.1 $140 13.7 $295 10.5 $245 
Mississippi – R3 5 yrs 9.3 $115 8.9 $75 5.8 $65 5.9 $120 4.7 $95 
 10 yrs 16.8 $200 16.1 $135 10.4 $110 10.4 $210 8.0 $175 
 15 yrs 22.7 $260 21.8 $185 14.1 $140 13.7 $295 10.5 $245 
Mississippi – R4 5 yrs 9.3 $115 8.9 $75 5.8 $65 5.9 $120 4.7 $95 
 10 yrs 16.8 $195 16.1 $135 10.4 $110 10.4 $210 8.0 $170 
 15 yrs 22.7 $260 21.8 $185 14.1 $140 13.7 $295 10.5 $245 
N. Carolina - East 5 yrs 5.8 $50 5.2 $55 3.8 $50 4.3 $55 2.9 $70 
 10 yrs 10.5 $100 9.2 $120 6.9 $90 7.6 $110 5.2 $135 
 15 yrs 14.3 $140 12.3 $170 9.3 $120 10.4 $145 6.8 $180 
N. Carolina – West 5 yrs 6.1 $90 5.3 $100 4.0 $80 4.4 $80 3.0 $110 
 10 yrs 11.0 $150 9.4 $180 7.1 $130 7.9 $155 5.2 $195 
 15 yrs 14.9 $195 12.6 $240 9.6 $165 10.6 $200 6.8 $255 
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Table 13, continued: Marginal Costs of Sequestration and Carbon Storage: Permanent contracts and regular management 
 Aging Loblolly High Loblolly – Medium Loblolly – Low LL/Slash – Medium LL/Slash- Low 
 Period t C/ha $$/t C t C/ha $$/t C t C/ha $$/t C t C/ha $$/t C t C/ha $$/t C 
S. Carolina – East 5 yrs 6.0 $85 5.3 $95 3.9 $75 4.3 $80 2.9 $105 
 10 yrs 10.9 $150 9.4 $180 7.0 $130 7.7 $150 5.2 $190 
 15 yrs 14.7 $195 12.5 $240 9.4 $165 10.5 $200 6.8 $255 
S. Carolina – West 5 yrs 6.0 $80 5.3 $85 3.9 $65 4.4 $85 2.9 $95 
 10 yrs 10.9 $140 9.4 $165 7.0 $120 7.9 $150 5.2 $175 
 15 yrs 14.7 $180 12.5 $220 9.4 $150 10.6 $195 6.8 $235 
Tennessee East 5 yrs 5.8 $35 5.2 $40 3.8 $35 4.2 $40 2.9 $45 
 10 yrs 10.4 $75 9.1 $85 6.9 $65 7.6 $80 5.1 $90 
 15 yrs 14.1 $105 12.2 $125 9.3 $90 10.2 $110 6.8 $130 
Tennessee West 5 yrs 5.8 $50 5.2 $55 3.7 $45 4.2 $55 2.9 $65 
 10 yrs 10.4 $100 9.1 $115 6.8 $90 7.6 $105 5.1 $130 
 15 yrs 14.1 $135 12.2 $165 9.1 $120 10.2 $145 6.8 $180 
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Table 14: Marginal Costs of Sequestration and Carbon Storage: Permanent contracts and high intensity management.  High intensity 
management estimates are provided only for new states analyzed here, Alabama, Florida, N. Carolina, S. Carolina, and Tennessee. 
 Aging Loblolly High Loblolly – Medium Loblolly – Low LL/Slash – Medium LL/Slash- Low 
 Period t C/ha $$/t C t C/ha $$/t C t C/ha $$/t C t C/ha $$/t C t C/ha $$/t C 
Alabama – N 5 yrs - - 8.5 $155 5.6 $140 11.7 $160 5.1 $140 
 10 yrs 0.5 $325 9.7 $265 6.9 $215 13.2 $295 6.0 $235 
 15 yrs 1.3 $410 11.0 $320 8.0 $250 14.6 $375 6.8 $290 
Alabama – S 5 yrs - - 8.5 $175 5.5 $140 11.7 $180 5.1 $160 
 10 yrs 0.5 $355 9.7 $295 6.7 $230 13.2 $325 6.0 $265 
 15 yrs 1.3 $450 11.0 $350 7.8 $275 14.6 $410 6.8 $320 
Florida – N 5 yrs - - 8.4 $110 5.5 $90 11.9 $115 5.1 $105 
 10 yrs 0.3 $240 9.5 $195 6.7 $150 13.3 $220 6.0 $175 
 15 yrs 1.1 $310 10.7 $240 7.9 $180 14.6 $285 6.8 $210 
Florida - S 5 yrs - - 8.4 $110 5.5 $90 11.9 $115 5.1 $105 
 10 yrs 0.3 $240 9.5 $195 6.7 $150 13.3 $220 6.0 $175 
 15 yrs 1.1 $310 10.7 $240 7.9 $180 14.6 $285 6.8 $210 
North Carolina - E 5 yrs 2.1 $90 10.8 $95 6.7 $70 8.8 $65 6.2 $75 
 10 yrs 4.2 $155 12.1 $175 8.1 $120 9.8 $140 6.5 $165 
 15 yrs 6.2 $195 13.4 $235 9.5 $150 10.9 $195 6.9 $230 
North Carolina - W 5 yrs 2.3 $125 11.8 $155 6.7 $105 8.8 $110 6.7 $145 
 10 yrs 4.5 $210 13.2 $260 8.2 $175 10.0 $215 7.0 $260 
 15 yrs 6.5 $265 14.6 $330 9.6 $215 11.3 $275 7.4 $340 
South Carolina - E 5 yrs 2.1 $115 11.8 $140 6.7 $100 8.8 $100 6.8 $130 
 10 yrs 4.2 $205 13.2 $255 8.1 $175 9.9 $205 7.1 $255 
 15 yrs 6.2 $260 14.5 $325 9.5 $215 11.1 $275 7.5 $340 
South Carolina - W 5 yrs 2.1 $105 11.8 $130 6.7 $105 9.6 $110 6.8 $115 
 10 yrs 4.2 $190 13.2 $230 8.2 $165 10.8 $205 7.1 $230 
 15 yrs 6.2 $240 14.5 $300 9.6 $200 12.1 $260 7.5 $310 
Tennessee – E 5 yrs 2.1 $70 10.8 $75 6.7 $45 8.8 $50 6.3 $40 
 10 yrs 4.2 $115 12.1 $135 8.1 $80 9.8 $105 6.6 $105 
 15 yrs 6.2 $145 13.4 $175 9.5 $105 10.9 $140 6.9 $155 
Tennessee – W 5 yrs 2.0 $85 10.8 $85 6.7 $60 8.7 $70 6.3 $65 
 10 yrs 4.0 $145 12.0 $165 8.1 $115 9.8 $145 6.5 $155 
 15 yrs 5.9 $190 13.2 $230 9.4 $150 10.9 $195 6.8 $225 
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Table 15: Total Cost of Carbon Sequestration: 20 year & permanent contracts and regular management. Loblolly. 
 Aging Loblolly High L oblolly – Medium Loblolly – Low 

 Period 
t C/ha 

 
Perm. 
$$/ha 

20 yr. 
$$/ha  

t C/ha 
 

Perm. 
$$/ha 

20 yr. 
$$/ha  

t C/ha 
 

Perm. 
$$/ha 

20 yr. 
$$/ha  

Alabama – North 5 yrs 4.9 $536 $369  4.5 $448 $309  3.2 $237 $163  
 10 yrs 8.7 $1,734 $1,194  8.1 $1,377 $948  5.8 $784 $540  
 15 yrs 11.6 $3,083 $2,122  11.0 $2,426 $1,670  8.0 $1,403 $966  
Alabama – South 5 yrs 4.8 $484 $333  4.4 $420 $289  3.2 $285 $196  
 10 yrs 8.6 $1,720 $1,184  8.0 $1,397 $961  5.8 $900 $620  
 15 yrs 11.5 $3,173 $2,184  10.9 $2,498 $1,719  8.0 $1,564 $1,076  
Arkansas – North 5 yrs 9.3 $650 $448  9.1 $453 $312  5.9 $235 $162  
 10 yrs 16.8 $2,012 $1,385  16.4 $1,390 $957  10.6 $686 $472  
 15 yrs 22.7 $3,627 $2,496  22.1 $2,651 $1,824  14.4 $1,220 $840  
Arkansas - South 5 yrs 9.3 $557 $384  9.1 $408 $281  5.9 $206 $142  
 10 yrs 16.8 $1,760 $1,212  16.4 $1,226 $844  10.6 $607 $418  
 15 yrs 22.7 $3,174 $2,184  22.1 $2,320 $1,596  14.4 $1,076 $741  
Florida - North 5 yrs 4.8 $360 $248  4.4 $283 $195  3.1 $170 $117  
 10 yrs 8.5 $1,194 $822  7.9 $983 $676  5.7 $568 $391  
 15 yrs 11.4 $2,231 $1,536  10.7 $1,765 $1,215  7.8 $1,019 $702  
Florida - South 5 yrs 4.8 $360 $248  4.4 $283 $195  3.1 $170 $117  
 10 yrs 8.5 $1,194 $822  7.9 $983 $676  5.7 $568 $391  
 15 yrs 11.4 $2,231 $1,536  10.7 $1,765 $1,215  7.8 $1,019 $702  
Georgia - North 5 yrs 5.6 $584 $402  4.6 $434 $298  4.8 $287 $197  
 10 yrs 10.0 $1,694 $1,166  8.2 $1,345 $926  8.6 $941 $647  
 15 yrs 13.4 $2,824 $1,944  11.0 $2,311 $1,590  11.6 $1,675 $1,153  
Georgia - South 5 yrs 5.5 $688 $474  4.5 $498 $342  4.8 $430 $296  
 10 yrs 9.9 $2,119 $1,458  8.1 $1,696 $1,167  8.6 $1,325 $912  
 15 yrs 13.3 $3,591 $2,471  10.9 $2,940 $2,023  11.6 $2,310 $1,590  
Louisiana – R1 5 yrs 9.1 $777 $535  8.9 $579 $398  5.8 $320 $220  
 10 yrs 16.5 $2,560 $1,762  16.1 $1,771 $1,219  10.4 $936 $644  
 15 yrs 22.4 $4,584 $3,155  21.8 $3,269 $2,250  14.1 $1,626 $1,119  
Louisiana – R2 5 yrs 9.3 $883 $607  8.9 $534 $368  5.8 $291 $200  
 10 yrs 16.8 $2,683 $1,846  16.1 $1,771 $1,219  10.4 $884 $608  
 15 yrs 22.7 $4,874 $3,354  21.8 $3,269 $2,250  14.1 $1,591 $1,095  
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Table 15, con't: Total Cost of Carbon Sequestration: 20 year & permanent contracts and regular management. Loblolly. 
 Aging Loblolly High L oblolly – Medium Loblolly – Low 

 Period 
t C/ha 

 
Perm.. 
$$/ha 

20 yr. 
$$/ha  

t C/ha 
 

Perm.. 
$$/ha 

20 yr. 
$$/ha  

t C/ha 
 

Perm.. 
$$/ha 

20 yr. 
$$/ha  

Louisiana – R3 5 yrs 9.1 $822 $566  8.9 $623 $429  5.8 $320 $220  
 10 yrs 16.5 $2,642 $1,818  16.1 $1,852 $1,274  10.4 $988 $680  
 15 yrs 22.4 $4,808 $3,309  21.8 $3,487 $2,400  14.1 $1,697 $1,168  
Louisiana – R4 5 yrs 9.3 $929 $639  8.9 $579 $398  5.8 $320 $220  
 10 yrs 16.8 $2,850 $1,962  16.1 $1,852 $1,274  10.4 $936 $644  
 15 yrs 22.7 $5,101 $3,510  21.8 $3,378 $2,325  14.1 $1,697 $1,168  
Louisiana – R5 5 yrs 9.3 $883 $607  8.9 $534 $368  5.8 $291 $200  
 10 yrs 16.8 $2,766 $1,904  16.1 $1,771 $1,219  10.4 $936 $644  
 15 yrs 22.7 $4,874 $3,354  21.8 $3,269 $2,250  14.1 $1,626 $1,119  
Mississippi – R1 5 yrs 9.3 $1,022 $703  8.9 $668 $460  5.8 $378 $260  
 10 yrs 16.8 $3,186 $2,192  16.1 $2,093 $1,441  10.4 $1,092 $752  
 15 yrs 22.7 $5,781 $3,978  21.8 $3,923 $2,700  14.1 $1,909 $1,314  
Mississippi – R2 5 yrs 9.3 $1,069 $735  8.9 $668 $460  5.8 $378 $260  
 10 yrs 16.8 $3,353 $2,308  16.1 $2,174 $1,496  10.4 $1,144 $787  
 15 yrs 22.7 $5,894 $4,056  21.8 $4,032 $2,775  14.1 $1,980 $1,363  
Mississippi – R3 5 yrs 9.3 $1,069 $735  8.9 $668 $460  5.8 $378 $260  
 10 yrs 16.8 $3,353 $2,308  16.1 $2,174 $1,496  10.4 $1,144 $787  
 15 yrs 22.7 $5,894 $4,056  21.8 $4,032 $2,775  14.1 $1,980 $1,363  
Mississippi – R4 5 yrs 9.3 $1,069 $735  8.9 $668 $460  5.8 $378 $260  
 10 yrs 16.8 $3,269 $2,250  16.1 $2,174 $1,496  10.4 $1,144 $787  
 15 yrs 22.7 $5,894 $4,056  21.8 $4,032 $2,775  14.1 $1,980 $1,363  
N. Carolina - East 5 yrs 5.8 $292 $201  5.2 $286 $197  3.8 $189 $130  
 10 yrs 10.5 $1,054 $725  9.2 $1,106 $761  6.9 $617 $425  
 15 yrs 14.3 $2,003 $1,379  12.3 $2,096 $1,443  9.3 $1,112 $765  
N. Carolina – West 5 yrs 6.1 $549 $378  5.3 $531 $365  4.0 $316 $218  
 10 yrs 11.0 $1,651 $1,136  9.4 $1,696 $1,167  7.1 $917 $631  
 15 yrs 14.9 $2,912 $2,004  12.6 $3,021 $2,079  9.6 $1,577 $1,085  
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Table 15, con't: Total Cost of Carbon Sequestration: 20 year & permanent contracts and regular management. Loblolly. 
 Aging Loblolly High L oblolly – Medium Loblolly – Low 

 Period 
t C/ha 

 
Perm.. 
$$/ha 

20 yr. 
$$/ha  

t C/ha 
 

Perm.. 
$$/ha 

20 yr. 
$$/ha  

t C/ha 
 

Perm.. 
$$/ha 

20 yr. 
$$/ha  

S. Carolina – East 5 yrs 6.0 $511 $352  5.3 $501 $345  3.9 $290 $200  
 10 yrs 10.9 $1,628 $1,120  9.4 $1,684 $1,159  7.0 $904 $622  
 15 yrs 14.7 $2,871 $1,976  12.5 $3,001 $2,065  9.4 $1,553 $1,069  
S. Carolina – West 5 yrs 6.0 $481 $331  5.3 $448 $308  3.9 $251 $173  
 10 yrs 10.9 $1,519 $1,046  9.4 $1,543 $1,062  7.0 $835 $575  
 15 yrs 14.7 $2,651 $1,824  12.5 $2,751 $1,893  9.4 $1,412 $972  
Tennessee East 5 yrs 5.8 $202 $139  5.2 $206 $142  3.8 $132 $91  
 10 yrs 10.4 $779 $536  9.1 $778 $535  6.9 $446 $307  
 15 yrs 14.1 $1,481 $1,019  12.2 $1,530 $1,053  9.3 $834 $574  
Tennessee West 5 yrs 5.8 $288 $198  5.2 $283 $195  3.7 $167 $115  
 10 yrs 10.4 $1,039 $715  9.1 $1,052 $724  6.8 $608 $418  
 15 yrs 14.1 $1,904 $1,310  12.2 $2,020 $1,390  9.1 $1,094 $753  
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Table 16: Total Cost of Carbon Sequestration: 20 year & permanent contracts and regular management.  Longleaf/Slash. 
 Aging Longleaf/Slash – High Longleaf/Slash – Medium 

 Period 
t C/ha 

 
Perm.. 
$$/ha 

20 yr. 
$$/ha  

t C/ha 
 

Perm.. 
$$/ha 

20 yr. 
$$/ha  

Alabama – North 5 yrs 5.0 $577 $397  2.6 $262 $181  
 10 yrs 8.9 $1,876 $1,291  4.8 $832 $573  
 15 yrs 12.0 $3,302 $2,272  6.5 $1,395 $960  
Alabama – South 5 yrs 5.0 $652 $449  2.6 $302 $208  
 10 yrs 8.9 $2,100 $1,445  4.8 $927 $638  
 15 yrs 12.0 $3,602 $2,479  6.5 $1,557 $1,072  
Arkansas – North 5 yrs 5.9 $415 $285  4.6 $279 $192  
 10 yrs 10.4 $1,354 $932  8.0 $881 $606  
 15 yrs 13.7 $2,467 $1,698  10.4 $1,618 $1,113  
Arkansas - South 5 yrs 5.9 $355 $245  4.6 $232 $160  
 10 yrs 10.4 $1,146 $788  8.0 $761 $523  
 15 yrs 13.7 $2,193 $1,509  10.4 $1,409 $970  
Florida - North 5 yrs 5.0 $447 $308  2.6 $210 $144  
 10 yrs 8.9 $1,417 $975  4.8 $642 $442  
 15 yrs 11.9 $2,498 $1,719  6.5 $1,071 $737  
Florida - South 5 yrs 5.0 $447 $308  2.6 $210 $144  
 10 yrs 8.9 $1,417 $975  4.8 $642 $442  
 15 yrs 11.9 $2,498 $1,719  6.5 $1,071 $737  
Georgia - North 5 yrs 7.1 $494 $340  2.4 $241 $166  
 10 yrs 12.8 $1,475 $1,015  4.3 $765 $527  
 15 yrs 17.5 $2,535 $1,745  5.7 $1,300 $895  
Georgia - South 5 yrs 7.1 $706 $486  2.4 $362 $249  
 10 yrs 12.8 $2,053 $1,413  4.3 $1,063 $732  
 15 yrs 17.5 $3,410 $2,347  5.7 $1,780 $1,225  
Louisiana – R1 5 yrs 5.9 $500 $344  4.7 $374 $257  
 10 yrs 10.4 $1,660 $1,143  8.0 $1,125 $774  
 15 yrs 13.7 $3,149 $2,167  10.5 $2,099 $1,444  
Louisiana – R2 5 yrs 5.9 $592 $408  4.7 $351 $241  
 10 yrs 10.4 $1,771 $1,218  8.0 $1,125 $774  
 15 yrs 13.7 $3,289 $2,264  10.5 $2,046 $1,408  
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Table 16, con't: Total Cost of Carbon Sequestration: 20 year & permanent contracts and regular management.  Longleaf/Slash. 
 Aging Longleaf/Slash – High Longleaf/Slash – Medium 

 Period 
t C/ha 

 
Perm.. 
$$/ha 

20 yr. 
$$/ha  

t C/ha 
 

Perm. 
$$/ha 

20 yr. 
$$/ha  

Louisiana – R3 5 yrs 5.9 $530 $365  4.7 $397 $274  
 10 yrs 10.4 $1,764 $1,214  8.0 $1,206 $830  
 15 yrs 13.7 $3,286 $2,261  10.5 $2,204 $1,517  
Louisiana – R4 5 yrs 5.9 $592 $408  4.7 $374 $257  
 10 yrs 10.4 $1,875 $1,290  8.0 $1,166 $802  
 15 yrs 13.7 $3,426 $2,358  10.5 $2,151 $1,481  
Louisiana – R5 5 yrs 5.9 $592 $408  4.7 $351 $241  
 10 yrs 10.4 $1,823 $1,254  8.0 $1,125 $774  
 15 yrs 13.7 $3,358 $2,311  10.5 $2,099 $1,444  
Mississippi – R1 5 yrs 5.9 $681 $469  4.7 $421 $290  
 10 yrs 10.4 $2,135 $1,469  8.0 $1,366 $940  
 15 yrs 13.7 $3,906 $2,688  10.5 $2,466 $1,697  
Mississippi – R2 5 yrs 5.9 $711 $489  4.7 $444 $306  
 10 yrs 10.4 $2,187 $1,505  8.0 $1,407 $968  
 15 yrs 13.7 $4,043 $2,782  10.5 $2,571 $1,769  
Mississippi – R3 5 yrs 5.9 $711 $489  4.7 $444 $306  
 10 yrs 10.4 $2,187 $1,505  8.0 $1,407 $968  
 15 yrs 13.7 $4,043 $2,782  10.5 $2,571 $1,769  
Mississippi – R4 5 yrs 5.9 $711 $489  4.7 $444 $306  
 10 yrs 10.4 $2,187 $1,505  8.0 $1,366 $940  
 15 yrs 13.7 $4,043 $2,782  10.5 $2,571 $1,769  
N. Carolina - East 5 yrs 4.3 $234 $161  2.9 $205 $141  
 10 yrs 7.6 $841 $579  5.2 $699 $481  
 15 yrs 10.4 $1,503 $1,035  6.8 $1,226 $843  
N. Carolina – West 5 yrs 4.4 $349 $240  3.0 $326 $224  
 10 yrs 7.9 $1,217 $838  5.2 $1,015 $699  
 15 yrs 10.6 $2,129 $1,465  6.8 $1,740 $1,197  
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Table 16, con't: Total Cost of Carbon Sequestration: 20 year & permanent contracts and regular management.  Longleaf/Slash. 
 Aging Longleaf/Slash High Longleaf/Slash – Medium 

 Period 
t C/ha 

 
Perm.. 
$$/ha 

20 yr. 
$$/ha  

t C/ha 
 

Perm.. 
$$/ha 

20 yr. 
$$/ha  

S. Carolina – East 5 yrs 4.3 $345 $237  2.9 $309 $213  
 10 yrs 7.7 $1,162 $800  5.2 $988 $680  
 15 yrs 10.5 $2,101 $1,446  6.8 $1,738 $1,196  
S. Carolina – West 5 yrs 4.4 $371 $255  2.9 $280 $192  
 10 yrs 7.9 $1,178 $810  5.2 $910 $627  
 15 yrs 10.6 $2,076 $1,429  6.8 $1,602 $1,103  
Tennessee East 5 yrs 4.2 $168 $116  2.9 $131 $90  
 10 yrs 7.6 $604 $416  5.1 $463 $319  
 15 yrs 10.2 $1,126 $775  6.8 $884 $608  
Tennessee West 5 yrs 4.2 $231 $159  2.9 $189 $130  
 10 yrs 7.6 $793 $546  5.1 $669 $460  
 15 yrs 10.2 $1,484 $1,021  6.8 $1,224 $842  
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Table 17: Total Costs of Sequestration and Carbon Storage: 20 year contracts and high intensity management.. Alabama, Florida, N. 
Carolina, S. Carolina, and Tennessee only. Loblolly. 
 Aging Loblolly High L oblolly – Medium Loblolly – Low 

 Period 
t C/ha 

 
Perm.. 
$$/ha 

20 yr. 
$$/ha  

t C/ha 
 

Perm.. 
$$/ha 

20 yr. 
$$/ha  

t C/ha 
 

Perm.. 
$$/ha 

20 yr. 
$$/ha  

Alabama – N 5 yrs - - - 8.5 $1,312 $903  5.6 $779 $536  
 10 yrs 0.5 $163 $112  9.7 $2,566 $1,766  6.9 $1,484 $1,021  
 15 yrs 1.3 $523 $360  11.0 $3,509 $2,415  8.0 $2,010 $1,383  
Alabama – S 5 yrs - - - 8.5 $1,482 $1,020  5.5 $766 $527  
 10 yrs 0.5 $178 $123  9.7 $2,857 $1,966  6.7 $1,546 $1,064  
 15 yrs 1.3 $574 $395  11.0 $3,838 $2,642  7.8 $2,157 $1,484  
Florida – N 5 yrs - - - 8.4 $919 $633  5.5 $493 $339  
 10 yrs 0.3 $83 $57  9.5 $1,846 $1,270  6.7 $1,010 $695  
 15 yrs 1.1 $327 $225  10.7 $2,563 $1,764  7.9 $1,413 $973  
Florida - S 5 yrs - - - 8.4 $919 $633  5.5 $493 $339  
 10 yrs 0.3 $83 $57  9.5 $1,846 $1,270  6.7 $1,010 $695  
 15 yrs 1.1 $327 $225  10.7 $2,563 $1,764  7.9 $1,413 $973  
North Carolina - E 5 yrs 2.1 $191 $132  10.8 $1,027 $707  6.7 $469 $323  
 10 yrs 4.2 $656 $451  12.1 $2,123 $1,461  8.1 $976 $672  
 15 yrs 6.2 $1,209 $832  13.4 $3,143 $2,163  9.5 $1,423 $979  
North Carolina - W 5 yrs 2.3 $283 $194  11.8 $1,822 $1,254  6.7 $702 $483  
 10 yrs 4.5 $940 $647  13.2 $3,440 $2,368  8.2 $1,435 $987  
 15 yrs 6.5 $1,728 $1,189  14.6 $4,810 $3,310  9.6 $2,064 $1,421  
South Carolina - E 5 yrs 2.1 $244 $168  11.8 $1,651 $1,136  6.7 $670 $461  
 10 yrs 4.2 $868 $597  13.2 $3,366 $2,317  8.1 $1,424 $980  
 15 yrs 6.2 $1,612 $1,110  14.5 $4,712 $3,243  9.5 $2,039 $1,403  
South Carolina - W 5 yrs 2.1 $223 $153  11.8 $1,533 $1,055  6.7 $702 $483  
 10 yrs 4.2 $804 $553  13.2 $3,036 $2,089  8.2 $1,353 $931  
 15 yrs 6.2 $1,488 $1,024  14.5 $4,350 $2,994  9.6 $1,920 $1,322  
Tennessee – E 5 yrs 2.1 $149 $102  10.8 $811 $558  6.7 $301 $207  
 10 yrs 4.2 $487 $335  12.1 $1,637 $1,127  8.1 $651 $448  
 15 yrs 6.2 $899 $619  13.4 $2,340 $1,611  9.5 $996 $685  
Tennessee – W 5 yrs 2.0 $169 $116  10.8 $916 $631  6.7 $402 $277  
 10 yrs 4.0 $579 $398  12.0 $1,985 $1,366  8.1 $928 $639  
 15 yrs 5.9 $1,118 $769  13.2 $3,042 $2,093  9.4 $1,404 $967  
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Table 18: Total Costs of Sequestration and Carbon Storage: 20 year contracts and high intensity management.. Alabama, Florida, N. 
Carolina, S. Carolina, and Tennessee only.  Longleaf/Slash. 
 Aging Longleaf/Slash – High Longleaf/Slash– Medium 

 Period 
t C/ha 

 
Perm.. 
$$/ha 

20 yr. 
$$/ha  

t C/ha 
 

Perm.. 
$$/ha 

20 yr. 
$$/ha  

Alabama – N 5 yrs 11.7 $1,876 $1,291  5.1 $715 $492  
 10 yrs 13.2 $3,897 $2,682  6.0 $1,399 $963  
 15 yrs 14.6 $5,493 $3,780  6.8 $1,976 $1,360  
Alabama – S 5 yrs 11.7 $2,111 $1,453  5.1 $817 $562  
 10 yrs 13.2 $4,293 $2,954  6.0 $1,578 $1,086  
 15 yrs 14.6 $6,005 $4,133  6.8 $2,181 $1,501  
Florida – N 5 yrs 11.9 $1,366 $940  5.1 $537 $369  
 10 yrs 13.3 $2,917 $2,007  6.0 $1,043 $718  
 15 yrs 14.6 $4,171 $2,870  6.8 $1,433 $986  
Florida - S 5 yrs 11.9 $1,366 $940  5.1 $537 $369  
 10 yrs 13.3 $2,917 $2,007  6.0 $1,043 $718  
 15 yrs 14.6 $4,171 $2,870  6.8 $1,433 $986  
North Carolina - E 5 yrs 8.8 $570 $392  6.2 $466 $321  
 10 yrs 9.8 $1,378 $948  6.5 $1,075 $740  
 15 yrs 10.9 $2,133 $1,468  6.9 $1,577 $1,085  
North Carolina - W 5 yrs 8.8 $970 $667  6.7 $964 $664  
 10 yrs 10.0 $2,160 $1,486  7.0 $1,826 $1,256  
 15 yrs 11.3 $3,096 $2,130  7.4 $2,519 $1,733  
South Carolina - E 5 yrs 8.8 $878 $604  6.8 $878 $604  
 10 yrs 9.9 $2,036 $1,401  7.1 $1,808 $1,244  
 15 yrs 11.1 $3,048 $2,097  7.5 $2,535 $1,745  
South Carolina - W 5 yrs 9.6 $1,056 $726  6.8 $776 $534  
 10 yrs 10.8 $2,221 $1,529  7.1 $1,631 $1,122  
 15 yrs 12.1 $3,134 $2,157  7.5 $2,311 $1,591  
Tennessee – E 5 yrs 8.8 $438 $302  6.3 $251 $173  
 10 yrs 9.8 $1,034 $711  6.6 $688 $473  
 15 yrs 10.9 $1,531 $1,054  6.9 $1,065 $733  
Tennessee – W 5 yrs 8.7 $612 $421  6.3 $407 $280  
 10 yrs 9.8 $1,424 $980  6.5 $1,013 $697  
 15 yrs 10.9 $2,128 $1,464  6.8 $1,541 $1,061  
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Table 19: Summary carbon gains for the SECARB region softwoods from aging timber. 
 Private Land Public Land 
 Loblolly Slash Loblolly Slash 
Hectares 1,132,358 515,664 114,950 83,157 
5 Year Wait     
  Carbon (1000 t C) 5,675 1,981 1134 423 
  Million $$ $423.41 $201.04 $84.22 $40.43 
  Average $/t C $74.61 $101.51 $74.26 $95.51 
10 Year Wait     
  Carbon (1000 t C) 10,206 3,538 2043 752 
  Million $$ $1,378.75 $627.04 $270.40 $127.69 
  Average $/t C $135.09 $177.24 $132.35 $169.81 
15 Year Wait     
  Carbon (1000 t C) 13,804 4,748 2,764 1,002 
  Million $$ $2,473.22 $1,089.46 $490.56 $226.58 
  Average $/t C $179.17 $229.46 $177.51 $226.25 

 
In sum, the results indicate that 1.6 million hectares of softwood forests are nearing the economically 
optimal rotation period on private land, with an additional 0.2 million hectares on public land.  If all of this 
land were contracted for increasing rotation ages by 15 years, 18.6 million t C could be sequestered on 
private land for average costs of $180 - $231 per t C.  Less carbon could be sequestered on public lands, 
only around 3.7 million t C through 15 year rotation extensions, but the costs are slightly less (mainly due 
to lower site qualities and thus lower opportunity costs), ranging from $177 - $226 per t C.  These results 
assume most stands undergo regeneration management only (that is they are planted without further 
thinning, fertilizing, and chemical treatment).  If high intensity management is undertaken, more carbon 
could be sequestered, however, the costs per t C would more than double. 
 
A marginal cost curve for the opportunities through aging timber in the SECARB region is presented for 
private lands in Figure 24 below.  There are relatively few opportunities for less than $50 per t C.  Only 
about 500 thousand t C are available for less than $50.  These lie almost entirely in loblolly stands. For 
less than $100 per t C, nearly 7.0 million t C could be stored, across a wider area.  The marginal costs for 
higher intensity management are not shown, but that curve lies above this curve.  
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Figure 24: Marginal Cost Curve for Carbon Sequestration through Aging, including 5, 10, 
and 15 year rotation extension periods in SECARB region.  Regular Management only. 
 

DE-FC26-03NT41980

SECARB Deliverables Appendix Document
Volume I

Page 496 of 548



 

 65

To see where this carbon storage is cheapest, the opportunities on private land for sequestering tons for 
less than $100 per t C are shown in Figure 25.  Many counties are shown to have no potential in Figure 
24 because their costs are either higher than $100 per t C, or because they have no private softwood 
land in age classes between 25 and 35 years of age.   
 

 
 
Figure 25: Distribution of carbon sequestration opportunities, in $/t C that are less than 
$100/t C through aging in the SECARB region. To convert to $/metric t CO2, multiply $/t C 
by 0.27 or to convert to $/short t CO2, multiply $/t C by 0.25. 
 
Marginal cost curves on a state-by-state basis are presented in Figures 26 and 27.  Opportunities for 
<$50 per t C occur only in Arkansas, Florida, and Tennessee, mainly due to lower site qualities, and lower 
timber prices.  All states have opportunities arising for <$100 per t C.  The largest potential sequestration 
occurs in Louisiana and North Carolina because these states have the largest number of hectares 
potentially available for treatment.   Total potential by state for less than $100 per t C, as well as the 
average costs are shown in Table 20.  The estimates in Table 20 are provided for all potential aging 
scenarios (5, 10, or 15 years), and therefore show a wide variety of potential additional sequestration.   
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Figure 26: Marginal Costs of carbon sequestration for Alabama, Arkansas, Florida, and 
Georgia for 5, 10, and 15 year aging contracts. 
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Figure 27: Marginal Costs of carbon sequestration for Louisiana, Mississippi, North 
Carolina, South Carolina, and Tennessee for 5, 10, and 15 year aging contracts. 

DE-FC26-03NT41980

SECARB Deliverables Appendix Document
Volume I

Page 498 of 548



 

 67

 
Table 20: Potential Carbon Sequestration Opportunities where costs are less than $100 per t C. 
 

 Average Average Total Total 
 $/t C t C /hectare 1000 t C 1000 ha 
Arkansas $84.20  15.48 712.1 42.8 
Alabama $91.80  4.05 976.7 239.0 
Florida $84.51  3.05 775.2 27.9 
Georgia $88.52  4.69 413.2 88.3 
Louisiana $74.55  7.85 1,201.7 85.7 
Mississippi $77.93  8.68 341.8 39.1 
North Carolina $65.91  4.90 1,150.7 235.2 
South Carolina $83.21  4.13 891.1 178.6 
Tennessee $78.01  7.53 501.0 65.5 

 
 

5.2 Case study of converting Loblolly/Shortleaf forests to 
Longleaf/Slash forests 

5.2.1 Overview of methods 
This case study examines the possibility of converting loblolly/shortleaf forest types to longleaf/slash 
forest types.  Over the years, a number of longleaf/slash sites have been converted to loblolly forests.  
The main reason for this conversion is that loblolly forests typically accumulate more growing stock more 
quickly, and they accumulate more valuable growing stock.  Table 21 below presents a summary 
comparison of the differences between the loblolly and longleaf on medium site classes in Florida.  By 30 
years, loblolly stands accumulate approximately 13% more growing stock and about 30% more of the 
stand is sawlog size.   
 
Table 21: Comparison of FIA data for medium site loblolly/shortleaf and longleaf/slash stands in 
Florida at age 30.  Averaged for entire state. 
 Loblolly/Shortleaf Longleaf/Slash

ft3 per hectare 4325.8 3842.7 

t C per hectare 59.8 54.6 

Proportion Sawlog 0.47 0.36 

 
Loblolly/shortleaf stands will be estimated to accumulate more carbon in general than longleaf slash 
stands.  Given the larger proportion of harvest going into sawtimber products, and the apparently larger 
productivity, loblolly stands will be estimated to sequester more carbon in the long run than longleaf/slash 
stands on similar sites. However, there may be other environmental reasons to convert existing loblolly 
stands on adequate sites to longleaf/slash stands, for example to improve habitat.  Further, with the 
conversion, the land could be removed from the productive timberland base and held as a reserve that 
provides habitat benefits and carbon sequestration.  
 
This case study examines two management alternatives for a 1000 hectare timber production forest.  
First, it will examine the effects of converting a loblolly/shortleaf forest to longleaf/slash forest where 
harvests occur at age 30 regardless of which type of stand is on the site.  Second, it will examine the 
effects of converting the loblolly/shortleaf forest to a longleaf/slash forest that is set-aside from timber 
production.  Both of these scenarios will be compared to a baseline that assumes the land remains in 
loblolly/shortleaf type that is harvested at 30 years.  The initial condition for the forest is assumed to be a 
1000 hectare "regulated" forest, with equal numbers of hectares in each age class, i.e. 33.33 hectares in 
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each age class from 1 to 30.  The conversion is assumed to occur at harvest time, thus, loblolly stands 
are not harvested prematurely to effect the conversion to longleaf/slash.  A 100 year time period is 
considered for the analysis. 
 
The baseline (loblolly/shortleaf harvested in 30 year rotations) is compared to the two alternative 
scenarios, named "convert & harvest" and "convert & set aside."  Figure 28 presents the baseline path of 
total carbon sequestered for the 100 year time period, as well as the total carbon sequestered for the two 
alternative scenarios.  The baseline accumulates additional carbon over time mainly as a result of storage 
in forest products.  As expected, the "convert & harvest" scenario results in less total carbon sequestered 
during the 100 year period.  The "convert & set-aside" scenario sequesters the most carbon, although it 
does not achieve a net gain relative to the baseline until after year 30.   
 
 
 

0

20

40

60

80

100

120

140

160

1 11 21 31 41 51 61 71 81 91

Years from Start

10
00

 t 
C

Baseline
Convert & Harvest
Convert & Set aside

 
Figure 28: Comparison of total carbon storage for the 1000 hectare forest in forest 
biomass and product stocks.   
 
The economic analysis is based on comparing cash flows in the scenarios to cash flows in the baseline.  
Cash is generated at harvest time based on the relative proportions of sawtimber versus pulpwood and 
the stumpage prices for sawtimber and pulpwood.  Cash is expended at planting time and during the 
rotation as a result of taxes, management, and other overhead costs.  As noted in table 5 above, planting 
costs are assumed to be $625 per hectare on average.  Annual overhead costs are assumed to be $20 
per hectare per year.  An important non-cash consideration is the rental cost for holding the land.  
However, since we are interested in the difference in cash flows between the baseline and the alternative 
scenarios, rent and overhead costs can be ignored in our calculations because they are the same in both 
scenarios and thus will net out in the final calculations. 
 
The annual net returns from forestry for the baseline in the region are estimated to be: 
 
 Net Returnst

B = Revenuest
B – Planting Costst

B – Overheadt
B 
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Annual net returns from forestry for the alternative scenarios are calculated similarly as: 
 
 Net Returnst

S = Revenuest
S – Planting Costst

S – Overheadt
S 

 
The net cost of shifting from the baseline to the alternative scenarios is:  
 
 Net Cost  = Net Returnst

S - Net Returnst
B 

 
Because both alternative scenarios are expected to result in lower net returns, net costs are expected to 
be positive in both cases.  All parameters for the carbon and economic analysis are derived from the 
analysis described in section 4.1 above.   
 

5.2.2 Results 
As expected, converting stands from loblolly/shortleaf plantations to longleaf/slash plantations entail both 
economic costs and carbon emissions over time (Table 22). For the 1000 hectares under consideration, 
the total undiscounted emission over the 100 year period is 22.5 thousand t C.  In present value terms, 
this emission is 4.7 thousand t C.  The net cost is $72.0 thousand due primarily to lower revenues 
generated by harvesting longleaf/slash stands.  Setting aside the longleaf/slash stands results in a net 
carbon gain of 36.5 thousand t C over the entire 100 year period.  In discounted terms, however, this gain 
is very small because most of the gains occur far into the future.  The net costs are also larger, $342 
thousand, because harvesting stops after 30 years when the entire stand is converted to longleaf/slash. 
Note that the discount rate used in the analysis is 6%. 
 
Table 22: Estimated changes in carbon and changes in discounted net revenues (net costs) over 
the entire 100 year period for medium site classes in Northern Florida.  Discount rate is 6%. 
 Convert & Harvest Convert & Set-aside 

Undiscounted Carbon (t C) -22,468 36,485 

Discounted Carbon (t C) -4,720.5 2.1 

Discounted Net Cost ($) $71,697 $341,969 

 
These results indicate that it is possible to store carbon by setting aside longleaf/slash stands.  Note 
however, that, any such project like this should highlight the co-benefits that arise.  From a pure carbon 
standpoint, taking the loblolly stand and setting it aside from harvesting would result in more carbon on 
the site, although the costs would also be higher if the set-aside begins in the initial time period.  Thus, 
individuals interested just in carbon, would likely achieve more cost-effective results by focusing on 
extending loblolly rotations or setting aside loblolly stands.  However, if co-benefits such as wildlife habitat 
are higher for longleaf/slash stands on sites where they would naturally occur, then carbon benefits can 
accrue by converting loblolly stands to longleaf/slash. 
 

6.  Risks and Co-Benefits 
6.1 Risks 
We have identified potential risks to the region and classed them into three main groups:  those related to 
weather events, those related to disease, and those to wildfire (Figure 29).  
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Figure 29: Potential risks to afforestation and changes in forest management activities. 

6.1.1 Weather related risks 
The number of months of severe drought (measured by Palmers “z” Index or “Moisture Anomaly Index”.) 
over a more than 100-year period, is shown in Table 23 for the states where these data are available.  
Most areas within the SECARB region experienced severe drought less than 15% of the time.   
 
Table 23. Percentage of months under severe drought from 1895 to 2004. Data from Palmers "z" 
Index or "Moisture Anomaly Index". 
 

  
Percentage of months 
under severe drought 

Alabama 14% 
Arkansas 10% 
Florida 12% 
Georgia 11% 
Louisiana 12% 

 
Hurricanes and tropical storms are felt the most in southern and coastal counties, especially Florida 
(Figure 30). This also corresponds to the areas with higher cost carbon for all options. 
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Figure 30: Spatial distribution of tropical storms and hurricanes as indicated by number of 
recorded events by NOAA for each county since 1851. 
 

6.1.2 Disease related risks 
Risks related to diseases of plant species common in the region are shown in Figures 31 and 32.  
Fusiform rust although shown to be a potential hazard to slash pine and loblolly pine, causes mortality in 
neither species and it can be managed for in this region.  Thus it is not considered to be a real risk for any 
potential forestry projects in the regions.  Risk maps are presented however to give some indication as to 
the areas most prone to this disease (Figure 31 A.&B.).  Oak decline has been found to be a factor 
effecting tree mortality in the south and should be taken into account.  Figure 31 D.&C. show areas 
affected in the early 90’s by the factors that produce oak decline.    
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Figure 31: A and B show the spatial distribution of fusiform rust hazards to pines.  C and D are 
areas affected with oak decline.  (USDA Forest Service, Forest Health Protection, Southern Region 
(R8)) 
 
Another prominent tree disease of the southern region is Annosum root disease.  It contributes 
significantly to pine mortality, reduced growth, and increased vulnerability to bark beetle attacks. 
Researchers determine if the disease is present by searching for the fruiting bodies of this fungus that 
appear at the root collar and are often obscured by dead needles and soil detritus.  Risk factors 
associated with Annosum root disease are presents of the host type fungus, management activity, and 
the soil-site conditions. In general Annosum spores colonize freshly cut stumps. The fungus then grows 
through the root system and into adjacent healthy trees through the root systems. There are an estimated 
163.5 million acres of high and moderate risk sites in the southern region (Figure 32).  
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Figure 32: Soil risk map for Annosum root disease. (USDA Forest Service, Forest Health 
Protection, Southern Region (R8)) 

6.1.3 Wildfire related risks 
In general, large –scale wildfires are not a major threat to the region as a whole. The climate of the region 
is humid, lightening (fire ignition source) coincides with thunder storms; and the fuel loads tend to be 
moist.   The recently developed Fuel Characteristic Classification System by the Pacific Wildland Fire 
Sciences Lab (http://www.fs.fed.us/pnw/fera/fccs/ ) classifies the region as having the lowest fuel load 
level in the US, the fuel load is highly correlated with fire risk (Figure 33).  The higher fuel load along the 
coastal plain area of the Carolinas and Georgia corresponds to the area of high tropical storm 
occurrence, events that produce lots of downed woody debris and increasing the fuel loads (Mickler and 
Bailey, 2005). However, controlled burns are commonly used to manage these higher fuel loads to 
reduce the risk of wildfires (Mickler and Bailey, 2005). Based on knowledge of the region, northern Florida 
and southern Georgia are areas with relatively high wildfire risk, but, data of fire risk or actual fire 
occurrence are not available for this region.   
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Figure 33: Total fuel load level for the SECARB states based on the Fuel Characteristic 
Classification System (Pacific Wildland Fire Sciences Lab). 
 

6.2 Co-benefits 
Afforestation of existing croplands and grazing lands and changes in forest management have several co-
benefits associated with them (Figure 34).  Afforestation of flooded lands are likely to produce the most 
co-benefits because they can have a marked influence on water quantity (and flood control) and quality, 
biodiversity in terrestrial and aquatic systems, and new sources of income to landowners (in addition to 
carbon) because of potential increase in hunting and fishing activities.   
 
To better quantify the co-benefits related to water quality and quantity requires the availability of several 
region-wide spatial data bases such as floodplain areas along waterways.  These do not exist at present 
and the resources to create such layers are beyond the resources of this project. 
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Figure 34. Potential suite of co-benefits from afforestation and changes in forest 
management activities. 
 
Another co-benefit from afforestation activities is the potential to “defragment” a landscape especially if 
parcels between or adjacent to existing forests are afforested.  By defragmenting a landscape, the 
perimeter to surface area of the land units decreases (less perimeter mostly meaning larger block of land 
or connecting small parcels into larger parcels) and habitat connectivity increases which generally 
enhances species richness of the landscape. 
 
It could be argued that afforesting agricultural lands around existing protected areas would potentially 
have a high positive effect on biodiversity, by expanding the habitat for a variety of faunal and floral 
species. To investigate this issue further, the amount of carbon available and the associated cost for 
lands within buffers around existing protected areas (Figure 35) was estimated for the states: Arkansas, 
Louisiana, and Mississippi as a case study.  These protected areas are those that have met the “Gap 
Analysis” standards (http://www.gap.uidaho.edu/default.htm) of having at least a sustainable 
management code.  These lands contain federal, state and private entities, but do not include the lands of 
Ducks Unlimited nor the USDA CRP program. Clearly, afforestation projects in such areas would provide 
biodiversity co-benefits by expanding the forest cover and reducing the length of the perimeter. Data are 
not available at this time for all of the SECARB states from the ‘Gap’ database, and thus this analysis 
cannot be completed for the region.  The example presented below is provided to illustrate the type of 
analysis that could be accomplished if such data were available for the whole region. 
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Figure 35.  Areas of protected areas in the states of Arkansas, Louisiana, and Mississippi 
that meet standards of the national GAP analysis program. 
 
Crop land and grazing lands surrounding the protected areas were characterized according to their 
proximity to the ‘park’ boundary.  Adjacent lands are those that are within 100 m of the park boundary; 
proximal lands are those within 250 m; and neighborhood lands are those within 500m (Figure 36).   
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Figure 36.  An example of protected areas in Louisiana and the buffer zones around 
them. Agricultural lands (Ag.) are categorized according to their proximity to the reserve: 
within (w/in) 100m, 250 m, and 500 m.   
 
All agricultural lands (crops and grazing lands) within the 500 m buffer zone around each protected area 
were identified and overlain on the carbon supply maps produced above to estimate the total quantity of 
carbon available at different costs for 20, 40, and 80 year projects (Figure 37).  The maximum area 
available for afforestation is about 300 thousand ha for 80 year projects at a cost of <$100/t C. At ≤$10/t 
C, 1.3 million t are available on 10.7 thousand ha after 20 years, 11.4 million t on 55 thousand ha after 40 
years, and 14.5 million t on 49 thousand ha after 80 years.  Such an approach can help identify and 
prioritize areas for afforestation where stakeholders may have multiple goals from such activities. 
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Figure 37.  Carbon supply curve for afforestation of agricultural lands (crop and grains 
and grazing lands) after  20, 40, and 80 years in a 500 m buffer surrounding all 
“protected” areas in Arkansas, Louisiana, and Mississippi.  
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Appendices 
 
APPENDIX A: COUNTY LEVEL RESULTS FOR AFFORESTATION OF AGRICULTURAL 
LANDS IN SECARB STATES 
 
Table A1. Area weighted average cost ($/t C) and available carbon at less than or equal to $20/t C ($5/short t 
CO2) for afforestation projects of existing crop lands for each region in SECARB states. 
 
 

    
Area weighted average carbon 

price ($/t C) 
 Amount of carbon if all land available at <$50/t C 

were afforested (t C)  
State County 20 years 40 years 80 years 20 years 40 years 80 years 
Alabama Autauga $43.06 $31.54 $30.76         1,054,645         1,912,378          2,291,199 
  Baldwin $57.18 $48.72 $51.57            375,462         1,027,552          1,143,998 
  Barbour $59.71 $51.11 $54.22            236,621            380,305             423,462 
  Bibb $45.72 $34.21 $33.81            157,544            389,904             459,046 
  Blount $67.81 $47.81 $45.29              81,346         1,077,975          1,337,242 
  Bullock $38.91 $29.71 $29.71         1,069,164         1,778,095          2,062,449 
  Butler $64.86 $49.00 $48.50                    54            913,914          1,043,512 
  Calhoun $56.38 $42.50 $42.02            330,642            840,526             999,158 
  Chambers $49.33 $36.49 $35.84            177,341            524,202             620,499 
  Cherokee $64.12 $41.63 $37.03               4,879         1,379,784          1,865,410 
  Chilton $39.31 $31.83 $32.89            788,406         1,370,541          1,543,341 
  Choctaw $57.07 $46.26 $47.66                    -             544,106             627,192 
  Clarke $59.46 $46.37 $46.72                    -             556,734             655,255 
  Clay $49.71 $31.37 $27.46            134,350            334,408             446,767 
  Cleburne $55.81 $42.25 $41.92              88,491            255,343             298,290 
  Coffee $58.16 $49.79 $52.82            123,962         1,332,004          1,481,219 
  Colbert $55.40 $45.59 $47.39            214,830         2,257,295             665,960 
  Conecuh $57.35 $48.27 $50.77                    -             733,869             832,496 
  Coosa $46.65 $33.53 $32.29            111,264            253,395             309,755 
  Covington $61.00 $49.61 $51.22              85,500         1,810,228          2,224,297 
  Crenshaw $54.30 $46.44 $49.24            127,700         1,381,352          1,540,185 
  Cullman $68.24 $49.38 $47.64              11,113         1,498,889          1,821,848 
  Dale $58.92 $50.37 $53.39              10,205            847,636             947,203 
  Dallas $65.38 $39.60 $33.78         1,155,367         2,458,749          3,394,296 
  De Kalb $69.40 $49.52 $47.32                    -          1,958,961          2,408,805 
  Elmore $39.37 $29.88 $29.75         1,010,343         1,741,870          2,054,395 
  Escambia $54.99 $46.65 $49.26                    -          1,705,451          1,910,181 
  Etowah $68.11 $44.24 $39.39                    -             958,400          1,303,754 
  Fayette $38.97 $31.39 $32.36            423,797            761,036             854,681 
  Franklin $58.22 $47.57 $49.27              97,988            719,392             174,872 
  Geneva $62.90 $50.50 $51.77               2,694         2,153,678          2,763,335 
  Greene $102.70 $52.50 $37.91            400,662            720,405          1,479,893 
  Hale $108.06 $55.15 $39.79            359,877            577,768          1,267,521 
  Henry $58.96 $50.47 $53.55              29,490         1,009,442          1,122,522 
  Houston $58.66 $50.21 $53.27               1,647         1,758,303          1,955,272 
  Jackson $71.43 $46.90 $42.21            291,761         2,550,376          3,476,949 
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  Jefferson $53.19 $36.20 $33.63              62,257            492,388             615,495 
  Lamar $36.52 $30.23 $31.60            517,336            830,243             923,249 
  Lauderdale $74.70 $46.73 $40.13              77,389         2,528,814          3,755,032 
  Lawrence $63.26 $49.47 $49.96               1,852         2,221,937             506,459 
  Lee $39.22 $32.18 $33.49            624,932         1,040,875          1,161,412 
  Limestone $57.69 $41.15 $39.23         1,387,945         4,257,806          5,278,496 
  Lowndes $102.10 $51.46 $36.51            484,237         1,139,664          2,312,104 
  Macon $40.72 $31.25 $31.32            949,979         1,631,575          1,919,172 
  Madison $62.73 $45.17 $43.26            312,306         5,823,764          4,678,932 
  Marengo $96.53 $49.84 $36.39            386,964         1,033,593          1,963,188 
  Marion $55.67 $46.63 $48.95              74,769            715,865             133,435 
  Marshall $66.07 $47.89 $46.24            121,384         1,506,621          1,826,327 
  Mobile $61.17 $50.44 $52.47               7,171            489,552             611,693 
  Monroe $55.48 $46.25 $48.39                    -          1,463,258          1,656,027 
  Montgomery $96.40 $50.40 $37.34            752,498         1,635,131          3,069,951 
  Morgan $65.20 $48.77 $47.93            123,584         1,270,784             803,840 
  Perry $128.61 $61.80 $41.33            210,428            525,178          1,789,946 
  Pickens $40.76 $32.21 $32.84         1,006,049         1,685,722          1,944,466 
  Pike $57.03 $47.52 $49.71            216,130         1,997,820          2,308,416 
  Randolph $48.34 $34.58 $33.23            162,413            488,077             591,056 
  Russell $54.58 $46.72 $49.57            319,648            966,540          1,074,814 
  Shelby $51.86 $33.55 $29.97              29,779            705,668             928,359 
  St. Clair $64.26 $43.21 $39.52               6,874            526,742             682,386 
  Sumter $38.64 $30.08 $30.40         1,291,410         2,197,009          2,549,865 
  Talladega $43.27 $31.77 $31.01            705,105         1,417,817          1,722,935 
  Tallapoosa $45.57 $33.94 $33.44            186,147            408,572             484,823 
  Tuscaloosa $42.63 $33.78 $34.51            668,058         1,288,421          1,462,668 
  Walker $51.24 $36.89 $35.60              88,779            631,712             759,748 
  Washington $58.10 $46.20 $47.06                    -             650,778             765,669 
  Wilcox $103.68 $61.96 $51.48                    -             897,468          1,104,339 
  Winston $75.15 $55.35 $53.92                    -               23,452                     -  
Alabama Average and Total $62.75 $45.16 $43.48       19,732,569       84,967,109        99,190,558 
 

    
Area weighted average carbon 

price ($/t C) 
 Amount of carbon if all land available at <$50/t C 

were afforested (t C)  
State County 20 years 40 years 80 years 20 years 40 years 80 years 
Arkansas Arkansas $107.71 $81.62 $80.64                    -                     -                     -  
  Ashley $230.78 $131.21 $101.49                    -                     -                     -  
  Baxter $21.62 $9.43 $6.54              14,301              32,124               45,653 
  Benton $33.00 $11.72 $6.49            210,053            590,473          1,056,843 
  Boone $24.83 $9.76 $6.11              79,374            190,628             292,878 
  Bradley $31.56 $24.07 $24.14            220,420            371,922             420,531 
  Calhoun $29.27 $21.58 $21.22            193,375            332,422             378,099 
  Carroll $26.34 $10.14 $6.20              73,472            182,657             289,480 
  Chicot $290.06 $161.11 $121.52                    -                     -                     -  
  Clark $56.03 $31.22 $24.88            134,717            497,079             691,525 
  Clay $112.46 $61.20 $46.26                    -          4,037,193          6,757,477 
  Cleburne $16.22 $7.48 $5.45              38,679              81,359             108,953 
  Cleveland $32.09 $24.05 $23.89            235,499            404,831             460,455 
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  Columbia $36.00 $25.69 $24.77              47,318              87,410             101,632 
  Conway $92.73 $51.84 $40.31              19,336            892,194          1,196,769 
  Craighead $88.16 $51.64 $42.05                    -          8,536,637        13,165,986 
  Crawford $27.09 $15.82 $13.24            610,981         1,308,486          1,766,369 
  Crittenden $140.90 $84.02 $68.30                    -                     -          8,249,382 
  Cross $121.33 $83.94 $77.66                    -                     -             631,957 
  Dallas $39.57 $26.02 $23.75              72,930            153,761             185,014 
  Desha $268.76 $148.23 $110.65                    -                     -                     -  
  Drew $230.23 $134.95 $107.93                    -                     -                     -  
  Faulkner $112.88 $62.39 $47.96              36,099            392,404             521,207 
  Franklin $30.36 $18.55 $16.11            164,424            335,782             440,869 
  Fulton $20.66 $9.57 $6.99              73,557            154,835             206,990 
  Garland $55.66 $39.77 $38.00                    -               24,927               31,450 
  Grant $72.81 $49.98 $46.35               2,511              12,410               13,800 
  Greene $115.55 $63.27 $48.16                    -          2,245,964          4,961,056 
  Hempstead $156.09 $79.57 $56.18              40,889              87,320             125,271 
  Hot Spring $55.58 $40.96 $39.91              47,635              92,809             105,840 
  Howard $91.03 $55.06 $46.59              20,687              40,794               48,653 
  Independence $91.13 $51.46 $40.24                    -          2,294,650          3,569,665 
  Izard $15.72 $7.49 $5.63              86,414            170,065             217,211 
  Jackson $114.95 $60.11 $43.37                    -          5,531,359          8,539,179 
  Jefferson $327.99 $173.27 $123.13                    -                     -                     -  
  Johnson $27.85 $16.28 $13.63            130,156            278,697             376,033 
  Lafayette $103.54 $58.69 $46.12               9,456            866,241          1,283,656 
  Lawrence $115.49 $60.53 $43.82                    -          3,734,614          5,346,231 
  Lee $108.67 $78.88 $75.55                    -                     -          1,512,840 
  Lincoln $324.49 $172.79 $124.08                    -                     -                     -  
  Little River $117.45 $65.79 $51.10               9,220            478,983             711,013 
  Logan $27.30 $15.94 $13.34            193,654            416,443             563,357 
  Lonoke $150.59 $92.28 $77.40                    -                     -                     -  
  Madison $24.94 $9.82 $6.15              76,500            187,462             291,233 
  Marion $23.99 $9.70 $6.26              21,687              51,009               76,609 
  Miller $112.80 $64.00 $50.33              21,683         1,075,624          1,593,769 
  Mississippi $96.05 $55.12 $43.76                    -          8,270,405        11,841,750 
  Monroe $137.09 $85.33 $72.65                    -                     -          2,906,519 
  Montgomery $53.26 $37.94 $36.21                    -               20,521               25,878 
  Nevada $62.24 $33.90 $26.58              24,384              65,010             100,074 
  Newton $21.54 $8.99 $5.98              33,207              77,121             113,172 
  Ouachita $31.72 $23.60 $23.33            204,899            353,941             403,184 
  Perry $110.76 $61.69 $47.88                  988            303,734             385,477 
  Phillips $140.75 $89.12 $76.85                    -                     -          2,357,514 
  Pike $94.44 $55.52 $45.31               2,812              26,419               89,634 
  Poinsett $82.80 $51.43 $44.09                    -          8,863,716        13,169,703 
  Polk $27.25 $17.96 $16.52              10,617              20,019               24,517 
  Pope $29.31 $16.71 $13.71            300,375            652,114             889,133 
  Prairie $113.11 $79.74 $74.89                    -                     -             342,691 
  Pulaski $123.67 $65.38 $47.76              75,400         2,003,906          2,926,952 
  Randolph $98.39 $54.21 $41.40                    -          2,023,845          3,063,255 
  Saline $57.11 $42.97 $42.44                  453              30,377               35,477 

DE-FC26-03NT41980

SECARB Deliverables Appendix Document
Volume I

Page 515 of 548



 

 84

  Scott $30.36 $18.55 $16.12              15,110              30,644               39,808 
  Searcy $24.97 $9.78 $6.11              23,349              55,938               85,945 
  Sebastian $28.28 $16.48 $13.77            145,214            312,716             423,710 
  Sevier $120.25 $64.68 $48.53               8,182              26,270               73,674 
  Sharp $17.14 $8.25 $6.23            129,923            257,987             329,725 
  St. Francis $124.88 $83.93 $75.92                    -                     -          1,950,373 
  Stone $22.42 $9.14 $5.96              21,594              49,284               72,200 
  Union $35.37 $25.43 $24.63            184,233            337,294             390,983 
  Van Buren $18.20 $8.15 $5.79              19,921              43,952               61,046 
  Washington $26.58 $10.19 $6.20            203,423            506,532             805,131 
  White $83.79 $53.19 $46.53              18,786         3,365,772          5,222,884 
  Woodruff $119.84 $74.78 $63.61                    -                     -          7,108,571 
  Yell $40.02 $21.38 $16.58            329,264            734,738             994,775 
Arkansas Average and Total $139.89 $82.92 $67.52         4,637,164       64,603,821      122,568,687 
 

    
Area weighted average carbon 

price ($/t C) 
 Amount of carbon if all land available at <$50/t C 

were afforested (t C)  
State County 20 years 40 years 80 years 20 years 40 years 80 years 
Florida Alachua $92.74 $77.33 $80.65                    -                     -                     -  
  Baker $55.39 $44.07 $44.90            190,569            305,833             340,093 
  Bay $70.33 $56.62 $58.03                    -               46,894                     -  
  Bradford $82.14 $71.11 $75.69                    -                     -                     -  
  Brevard $244.01 $178.84 $171.32                    -                     -                     -  
  Broward $459.35 $294.79 $253.40                    -                     -                     -  
  Calhoun $76.37 $63.74 $66.64                    -               31,836                     -  
  Charlotte $254.67 $186.80 $178.86                    -                     -                     -  
  Citrus $104.61 $80.72 $80.44                    -                     -                     -  
  Clay $85.07 $73.97 $78.93                    -                     -                     -  
  Collier $235.43 $182.13 $180.87                    -                     -                     -  
  Columbia $54.58 $46.74 $49.59         1,047,604         1,684,135          1,873,544 
  Dade $436.06 $260.95 $209.60                    -                     -                     -  
  De Soto $190.84 $158.23 $164.02                    -                     -                     - 
  Dixie $50.13 $42.76 $45.28            178,246            288,323             321,328 
  Duval $50.27 $42.44 $44.70            180,767            290,102             322,600 
  Escambia $70.27 $60.83 $64.82                    -                6,010               12,201 
  Flagler $92.90 $77.56 $80.98                    -                     -                     -  
  Franklin $70.90 $57.75 $59.55                    -                2,432                     -  
  Gadsden $72.26 $61.81 $65.46                    -             173,038                     -  
  Gilchrist $100.17 $79.18 $80.09                    -                     -                     -  
  Glades $287.51 $214.86 $208.42                    -                     -                     -  
  Gulf $67.20 $54.39 $55.89                    -             102,005                     -  
  Hamilton $55.25 $47.13 $49.90            622,080            998,341          1,110,177 
  Hardee $178.89 $150.89 $158.01                    -                     -                     -  
  Hendry $262.10 $193.42 $186.01                    -                     -                     -  
  Hernando $89.53 $74.23 $77.19                    -                     -                     -  
  Highlands $304.86 $213.95 $198.34                    -                     -                     -  
  Hillsborough $99.01 $79.25 $80.73                    -                     -                     -  
  Holmes $87.64 $68.01 $68.22                    -               41,111                     -  
  Indian River $215.48 $166.67 $165.64                    -                     -                     -  
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  Jackson $75.97 $65.03 $68.91                    -             196,291                     -  
  Jefferson $74.79 $64.86 $69.20                    -               31,609                     -  
  Lafayette $50.25 $43.02 $45.64            793,612         1,273,686          1,417,358 
  Lake $110.54 $82.88 $81.08                    -                     -                     -  
  Lee $275.89 $198.33 $187.14                    -                     -                     -  
  Leon $78.29 $66.45 $70.08                    -                5,837                     -  
  Levy $97.93 $77.89 $79.09                    -                     -                     -  
  Liberty $72.41 $62.02 $65.74                    -               70,774                     -  
  Madison $57.07 $47.01 $48.87         1,095,965         2,018,036          2,098,284 
  Manatee $216.71 $165.56 $163.26                    -                     -                     -  
  Marion $96.08 $77.39 $79.15                    -                     -                     -  
  Martin $188.01 $153.77 $158.18                    -                     -                     -  
  Monroe $873.19 $522.49 $419.63                    -                     -                     -  
  Nassau $47.21 $39.96 $42.16              53,248              86,744               97,268 
  Okaloosa $73.80 $63.63 $67.67                    -                5,589                     -  
  Okeechobee $209.84 $166.39 $168.12                    -                     -                     -  
  Orange $111.83 $84.24 $82.64                    -                     -                     -  
  Osceola $112.85 $87.07 $86.69                    -                     -                     -  
  Palm Beach $417.59 $253.09 $205.97                    -                     -                     -  
  Pasco $89.18 $75.05 $78.69                    -                     -                     -  
  Pinellas $91.30 $76.70 $80.33                    -                     -                     -  
  Polk $113.76 $85.78 $84.19                    -                     -                     -  
  Putnam $119.68 $89.33 $87.11                    -                     -                     -  
  Santa Rosa $71.56 $61.99 $66.09                    -               62,677                3,691 
  Sarasota $258.03 $192.03 $185.80                    -                     -                     -  
  Seminole $112.00 $84.85 $83.53                    -                     -                     -  
  St. Johns $250.98 $156.57 $132.27                    -                     -                     -  
  St. Lucie $169.19 $146.51 $155.69                    -                     -                     -  
  Sumter $108.95 $84.49 $84.40                    -                     -                     -  
  Suwannee $54.50 $46.70 $49.56         2,262,850         3,631,519          4,038,330 
  Taylor $48.27 $40.43 $42.42            193,156            309,985             351,102 
  Union $79.52 $68.79 $73.19                    -                     -                     -  
  Volusia $137.79 $95.45 $88.62                    -                     -                     -  
  Wakulla $62.06 $53.59 $57.04                    -               54,937                     -  
  Walton $71.93 $61.82 $65.64                    -             226,019                     -  
  Washington $73.55 $63.53 $67.63                    -               69,001                     -  
Florida Average and Total $143.77 $105.74 $101.71         6,618,097       12,012,767        11,985,977 
 

  Area weighted average carbon 
price ($/t C) 

 Amount of carbon if all land available at <$50/t C 
were afforested (t C)  

State County 20 years 40 years 80 years 20 years 40 years 80 years 
Georgia Appling $63.23 $54.36 $57.76                    -         1,184,590        1,318,744 

 Atkinson $104.06 $90.66 $96.82                    -                    -                    -
 Bacon $66.26 $56.83 $60.31                    -            461,194           512,858 
 Baker $129.01 $108.89 $114.27                    -                    -                    -
 Baldwin $72.87 $58.65 $60.11                    -            184,376           289,954 
 Banks $30.44 $24.68 $25.56           215,669            346,115           384,887 
 Barrow $37.42 $30.94 $32.34           205,905            330,446           367,463 
 Bartow $54.70 $37.28 $34.64              8,494            612,052           776,228 
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 Ben Hill $86.82 $75.57 $80.66                    -                    -                    -
 Berrien $90.11 $79.00 $84.64                    -                    -                    -
 Bibb $72.68 $57.55 $58.44                    -            268,101           398,385 
 Bleckley $62.18 $53.68 $57.16                    -            544,983           606,060 
 Brantley $67.68 $53.79 $54.72                    -            470,912           226,021 
 Brooks $92.46 $81.16 $87.02                    -                    -                    -
 Bryan $70.89 $58.84 $61.35                    -            199,359             66,357 
 Bulloch $57.47 $49.04 $51.93           167,261         4,847,133           620,196 
 Burke $57.15 $48.93 $51.90           533,791         5,483,965           956,679 
 Butts $71.07 $61.28 $65.21                    -                    -                    -
 Calhoun $150.86 $118.51 $119.28                    -                    -                    -
 Camden $133.75 $76.43 $60.27                    -                    -                    -
 Candler $54.96 $47.11 $50.00           402,167         2,067,295           717,717 
 Carroll $62.77 $53.49 $56.60             25,711            236,615             45,885 
 Catoosa $55.76 $38.91 $36.77                    -            163,887           202,928 
 Charlton $56.14 $48.11 $51.04                     8            123,898             63,257 
 Chatham $108.70 $77.13 $72.85                    -            127,826           107,000 
 Chattahoochee $63.16 $52.51 $54.85                    -              18,668             22,695 
 Chattooga $53.14 $35.78 $32.95             26,673            263,767           336,293 
 Cherokee $40.77 $30.74 $30.50             60,290            116,467           136,307 
 Clarke $37.58 $31.08 $32.48           116,856            187,536           208,544 
 Clay $129.09 $113.99 $122.52                    -                    -                    -
 Clayton $63.50 $54.51 $57.90                    -              11,993                    -
 Clinch $100.16 $82.12 $84.83                    -                    -                    -
 Cobb $38.43 $31.38 $32.58             62,667            101,850           114,508 
 Coffee $103.22 $89.99 $96.14                    -                    -                    -
 Colquitt $93.03 $81.67 $87.56                    -                    -                    -
 Columbia $61.04 $51.58 $54.35              8,501            155,786             99,525 
 Cook $88.54 $77.44 $82.87                    -                    -                    -
 Coweta $63.93 $54.88 $58.29              4,809              22,922              8,583 
 Crawford $73.31 $59.55 $61.38                    -            232,386           296,059 
 Crisp $96.65 $84.03 $89.65                    -                    -                    -
 Dade $59.00 $39.79 $36.69                    -            136,955           174,312 
 Dawson $44.84 $33.82 $33.59              12,882              34,824             40,457 
 De Kalb $39.23 $32.27 $33.63             23,597              38,749             43,181 
 Decatur $117.32 $100.74 $106.70                    -                    -                    -
 Dodge $58.28 $49.68 $52.56                    -         2,281,115        2,516,003 
 Dooly $97.30 $85.11 $91.08                    -                    -                    -
 Dougherty $127.34 $110.71 $118.02                    -                    -                    -
 Douglas $59.50 $51.07 $54.25             10,488              81,203             18,717 
 Early $141.82 $113.28 $115.18                    -                    -                    -
 Echols $85.27 $73.69 $78.37                    -                    -                    -
 Effingham $63.23 $51.72 $53.55             87,776            557,069           685,673 
 Elbert $36.06 $27.53 $27.61           419,702            702,897            802,628 
 Emanuel $50.02 $42.87 $45.51        2,150,092         4,627,708        3,837,101 
 Evans $60.53 $52.14 $55.46                    -            467,965           519,349 
 Fannin $59.08 $35.06 $29.18              4,152              25,290             36,345 
 Fayette $64.18 $55.10 $58.52              2,088               3,351              3,727 
 Floyd $53.21 $34.00 $30.05             37,763            586,850           778,201 
 Forsyth $38.08 $31.41 $32.79              80,548            129,267           143,996 
 Franklin $30.96 $25.10 $26.00           431,539            692,552           770,133 
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 Fulton $37.08 $30.66 $32.05           131,511            211,055           234,697 
 Gilmer $45.20 $30.35 $27.88              6,596              18,719             23,107 
 Glascock $60.88 $51.67 $54.56                    -            267,871             43,081 
 Glynn $169.63 $90.34 $65.88                    -               1,454                    -
 Gordon $55.67 $34.98 $30.49              4,554            546,813           735,131 
 Grady $114.90 $100.76 $107.90                    -                    -                    -
 Greene $72.44 $61.58 $65.05                    -                    -                    -
 Gwinnett $38.02 $31.44 $32.85           157,978            253,530           281,931 
 Habersham $30.45 $24.45 $25.20           102,624            165,342           184,326 
 Hall $36.29 $30.00 $31.35           249,572            400,951           445,910 
 Hancock $71.40 $60.29 $63.46                    -              72,385             90,615 
 Haralson $77.13 $60.32 $60.87                    -              15,540                    -
 Harris $67.71 $56.06 $58.42                    -              62,656                    -
 Hart $32.04 $25.98 $26.90           574,675            922,264        1,025,578 
 Heard $65.09 $54.55 $57.24              7,733              77,242             13,800 
 Henry $62.01 $53.23 $56.54                    -            198,519                    -
 Houston $72.64 $61.88 $65.44                    -                  778             52,854 
 Irwin $84.53 $74.20 $79.56                    -                    -                    -
 Jackson $37.41 $30.93 $32.33           443,340            711,491           791,194 
 Jasper $68.08 $58.66 $62.40                    -               6,324              7,032 
 Jeff Davis $93.03 $81.37 $87.08                    -                    -                    -
 Jefferson $60.19 $50.90 $53.65           191,502         1,914,757           652,854 
 Jenkins $59.03 $50.25 $53.16           229,511         1,364,576           409,590 
 Johnson $59.12 $51.03 $54.33                    -         1,432,011        1,594,138 
 Jones $71.04 $59.40 $62.21                    -              85,607           103,112 
 Lamar $63.52 $54.52 $57.91              2,337              28,923              4,171 
 Lanier $103.85 $87.94 $92.49                    -                    -                    -
 Laurens $62.24 $53.47 $56.79                    -         1,538,135        1,836,292 
 Lee $129.90 $110.33 $116.13                    -                    -                    -
 Liberty $99.11 $64.04 $56.55                    -            132,602           124,431 
 Lincoln $36.14 $27.77 $27.94           215,911            359,913           409,972 
 Long $78.67 $59.44 $58.68                    -            199,370           209,805 
 Lowndes $96.26 $83.84 $89.51                    -                    -                    -
 Lumpkin $43.35 $32.96 $32.91             12,043              28,774             33,283 
 Macon $62.86 $53.65 $56.81             52,884            698,688           128,985 
 Madison $31.90 $25.86 $26.78           397,867            638,514           710,042 
 Marion $66.33 $55.64 $58.40                 566              60,401             73,336 
 McDuffie $62.74 $53.67 $56.91              2,977              23,582              5,313 
 McIntosh $158.10 $86.29 $64.67                    -               2,300                    -
 Meriwether $65.87 $55.95 $59.11              8,534              29,679             15,231 
 Miller $147.04 $111.16 $109.20                    -                    -                    -
 Mitchell $124.27 $104.16 $108.90                    -                    -                    -
 Monroe $70.94 $60.62 $64.21                    -               4,302              4,784 
 Montgomery $59.37 $50.01 $52.56                    -            954,429         1,225,782 
 Morgan $70.37 $60.75 $64.68                    -                    -                    -
 Murray $54.72 $34.13 $29.55              1,135            324,354           438,552 
 Muscogee $61.68 $50.33 $52.04                 431              60,992             58,172 
 Newton $68.78 $59.38 $63.22                    -                    -                    -
 Oconee $37.63 $31.12 $32.52           300,416            482,121           536,130 
 Oglethorpe $33.28 $26.57 $27.31           300,863            487,440           545,387 
 Paulding $40.02 $32.38 $33.44           156,062            262,056           296,812 
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 Peach $74.05 $62.85 $66.35                    -                    -                    -
 Pickens $51.84 $32.45 $28.23             11,574              38,590             51,421 
 Pierce $67.42 $58.10 $61.81                    -            365,429           228,594 
 Pike $64.91 $55.36 $58.61              3,759              29,780              6,708 
 Polk $53.76 $33.78 $29.44              7,496            407,543           548,492 
 Pulaski $64.42 $55.37 $58.83                    -            241,675           169,049 
 Putnam $71.01 $60.40 $63.82                    -                  865                 962 
 Quitman $129.41 $114.28 $122.83                    -                    -                    -
 Rabun $54.77 $29.14 $22.11             13,996              38,813             56,083 
 Randolph $129.78 $114.40 $122.84                    -                    -                    -
 Richmond $65.43 $52.07 $53.08              2,007            234,457           306,149 
 Rockdale $69.05 $59.61 $63.47                    -                    -                    -
 Schley $63.98 $52.41 $54.31             12,179            218,571           263,691 
 Screven $65.79 $52.14 $53.05           219,799         2,744,129           434,131 
 Seminole $149.85 $113.34 $111.43                    -                    -                    -
 Spalding $63.28 $54.32 $57.70                   13              45,014                   24 
 Stephens $29.49 $23.90 $24.75           123,291            197,883           220,067 
 Stewart $129.43 $114.19 $122.67                    -                    -                    -
 Sumter $128.47 $113.06 $121.29                    -                    -                    -
 Talbot $64.28 $53.37 $55.71                    -            100,562             74,792 
 Taliaferro $76.34 $63.69 $66.62                    -                    -                    -
 Tattnall $60.36 $52.01 $55.33                    -         1,439,414         1,602,509 
 Taylor $65.93 $53.83 $55.69                    -            327,449           392,085 
 Telfair $86.15 $74.93 $79.96                    -                    -                    -
 Terrell $128.08 $110.36 $117.07                    -                    -                    -
 Thomas $112.51 $99.36 $106.79                    -                    -                    -
 Tift $91.79 $80.58 $86.39                    -                    -                    -
 Toombs $58.34 $49.36 $52.01                    -         1,877,719        2,135,746 
 Towns $51.39 $29.70 $24.12              8,255              18,660             26,814 
 Treutlen $59.65 $51.18 $54.31                    -            602,158           701,125 
 Troup $64.26 $55.09 $58.48                    -              14,629                    -
 Turner $92.23 $80.91 $86.72                    -                    -                    -
 Twiggs $67.06 $57.25 $60.61                    -              31,606             57,827 
 Union $54.02 $31.23 $25.37             19,630              48,548             71,740 
 Upson $64.05 $54.42 $57.50                 606              88,376              1,082 
 Walker $54.48 $35.29 $31.54                    -            300,188           396,777 
 Walton $38.73 $32.03 $33.47           387,255            621,483           691,103 
 Ware $64.08 $54.97 $58.35                    -            517,929           505,056 
 Warren $62.61 $53.65 $56.95                 829              11,696              1,479 
 Washington $69.46 $59.37 $62.89              7,762            508,575           683,211 
 Wayne $68.45 $56.71 $59.08                    -            652,790           449,759 
 Webster $131.45 $115.09 $123.17                    -                    -                    -
 Wheeler $59.07 $50.39 $53.31                    -         1,065,821        1,274,144 
 White $36.69 $30.12 $31.36             46,896              76,126             84,976 
 Whitfield $57.64 $36.61 $32.22                    -            228,746           305,115 
 Wilcox $95.88 $84.13 $90.19                    -                    -                    -
 Wilkes $33.71 $26.64 $27.22           419,970            685,048           769,822 
 Wilkinson $69.38 $58.27 $61.16                    -            225,646           271,718 
 Worth $96.23 $84.02 $89.84                    -                    -                    -

Georgia Average and Total $83.55 $70.77 $74.53        9,936,371       58,182,297      45,380,636 
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Area weighted average carbon 

price ($/t C) 
 Amount of carbon if all land available at <$50/t C 

were afforested (t C)  
State County 20 years 40 years 80 years 20 years 40 years 80 years 
Louisiana Acadia $115.65 $78.89 $72.21                    -                     -                     -  
  Allen $69.74 $59.33 $62.62                    -             163,475               26,283 
  Ascension $177.22 $116.29 $102.33                    -                     -                     -  
  Assumption $149.13 $96.95 $84.76                    -                     -                     -  
  Avoyelles $187.29 $114.47 $94.99                    -                     -                     -  
  Beauregard $70.98 $58.25 $60.28                    -             434,231               18,142 
  Bienville $175.33 $142.50 $146.19                    -                     -                     -  
  Bossier $413.09 $244.27 $195.06                    -                     -                     -  
  Caddo $375.96 $227.77 $186.08                    -                     -                     -  
  Calcasieu $66.15 $56.84 $60.33                    -                7,618                     -  
  Caldwell $359.30 $208.00 $162.91                    -                     -                     -  
  Cameron $110.50 $76.20 $70.31                    -                     -                     -  
  Catahoula $207.84 $126.11 $103.79                    -                     -                     -  
  Claiborne $195.07 $151.26 $150.62                    -                     -                     -  
  Concordia $246.24 $147.18 $119.23                    -                     -                     -  
  De Soto $229.80 $162.22 $151.38                    -                     -                     -  
  East Baton Rouge $40.34 $32.78 $33.84            372,582            607,647             684,209 
  East Carroll $298.08 $177.22 $142.11                    -                     -                     -  
  East Feliciana $37.44 $31.49 $33.12         1,046,511         1,692,875          1,891,061 
  Evangeline $157.07 $102.44 $90.47                    -                     -                     -  
  Franklin $220.40 $148.58 $133.68                    -                     -                     -  
  Grant $204.90 $125.25 $103.75                    -                     -                     -  
  Iberia $317.86 $190.22 $153.79                    -                     -                     -  
  Iberville $148.76 $96.70 $84.53                    -                     -                     -  
  Jackson $179.26 $146.62 $150.90                    -                     -                     -  
  Jefferson $138.48 $93.47 $84.28                    -                     -                     -  
  Jefferson Davis $106.17 $74.45 $69.58                    -                     -                     -  
  La Salle $142.67 $96.76 $87.80                    -                     -                     -  
  Lafayette $170.36 $120.24 $112.32                    -                     -                     -  
  LaFourche $234.07 $143.30 $118.41                    -                     -                     -  
  Lincoln $184.28 $147.04 $149.09                    -                     -                     -  
  Livingston $43.20 $33.98 $34.48            284,002            455,990             507,071 
  Madison $297.67 $180.32 $147.17                    -                     -                     -  
  Morehouse $392.62 $215.00 $158.16                    -                     -                     -  
  Natchitoches $210.79 $125.27 $101.11                    -                     -                     -  
  Orleans $300.26 $179.12 $144.05                    -                     -                     -  
  Ouachita $399.68 $225.64 $171.93                    -                     -                     -  
  Plaquemines $311.54 $184.99 $148.06                    -                     -                     -  
  Pointe Coupee $140.47 $88.82 $75.94                    -                     -                     -  
  Rapides $211.55 $126.74 $102.91                    -                     -                     -  
  Red River $284.74 $184.12 $159.90                    -                     -                     -  
  Richland $275.04 $162.82 $130.43                    -                     -                     -  
  Sabine $135.18 $96.40 $91.02                    -                     -                     -  
  St. Bernard $311.01 $184.78 $147.98                    -                     -                     -  
  St. Charles $168.18 $110.34 $97.08                    -                     -                     -  
  St. Helena $34.69 $29.41 $31.07            299,862            481,295             535,235 
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  St. James $220.46 $136.46 $113.93                    -                     -                     -  
  St. John the Bapt $197.97 $124.74 $105.89                    -                     -                     -  
  St. Landry $194.46 $118.26 $97.72                    -                     -                     -  
  St. Martin $267.56 $161.78 $132.14                    -                     -                     -  
  St. Mary $362.29 $211.10 $166.19                    -                     -                     -  
  St. Tammany $62.60 $44.95 $43.13              67,827            127,023             141,491 
  Tangipahoa $40.14 $33.96 $35.83            171,700            304,334             338,832 
  Tensas $324.32 $195.56 $159.09                    -                     -                     -  
  Terrebonne $310.02 $183.86 $147.01                    -                     -                     -  
  Union $226.10 $166.15 $159.90                    -                     -                     -  
  Vermilion $120.79 $80.11 $71.70                    -                     -                     -  
  Vernon $112.81 $83.65 $81.16                    -                     -                     -  
  Washington $46.13 $38.76 $40.77            168,260            274,062             306,267 
  Webster $307.96 $187.31 $154.71                    -                     -                     -  
  West Baton Rouge $133.18 $85.01 $73.31                    -                     -                     -  
  West Carroll $177.03 $129.08 $123.40                    -                     -                     -  
  West Feliciana $55.43 $37.12 $33.77            448,313         1,074,175          1,347,815 
  Winn $177.47 $140.73 $142.14                    -                     -                     -  
Louisiana Average and Total $213.07 $132.85 $112.02         2,859,057         5,622,727          5,796,406 
 

    
Area weighted average carbon 

price ($/t C) 
 Amount of carbon if all land available at <$50/t C 

were afforested (t C)  
State County 20 years 40 years 80 years 20 years 40 years 80 years 
Mississippi Adams $140.98 $83.51 $67.62                    -             408,710            710,105 
  Alcorn $45.57 $33.32 $32.43            548,847         1,140,635         1,366,790 
  Amite $70.38 $56.26 $57.38              54,093              87,070            392,495 
  Attala $104.12 $91.15 $97.57                    -                     -                     -  
  Benton $109.38 $73.84 $67.15                    -                   465            119,425 
  Bolivar $141.30 $83.02 $66.48                    -                     -          3,263,931 
  Calhoun $90.74 $59.62 $53.07                    -               24,517         2,342,037 
  Carroll $121.97 $88.95 $85.20                    -                     -                     -  
  Chickasaw $61.00 $42.41 $39.82            598,581         2,933,172         3,560,887 
  Choctaw $107.48 $92.16 $97.57                    -                     -                     -  
  Claiborne $125.77 $75.92 $62.61                    -               15,484            474,759 
  Clarke $61.39 $52.43 $55.54            103,424            239,019            184,573 
  Clay $89.39 $52.36 $42.95            180,158         1,746,515         2,191,899 
  Coahoma $124.39 $75.22 $61.98                    -                     -          9,763,176 
  Copiah $74.88 $59.63 $60.69                    -             108,182              69,636 
  Covington $31.48 $25.61 $26.55            405,035            653,022            729,664 
  De Soto $50.08 $32.26 $28.82         1,591,631         2,991,978         4,212,124 
  Forrest $63.12 $54.54 $58.09                    -             152,077            169,113 
  Franklin $74.63 $53.16 $50.43                    -             199,437            179,346 
  George $66.66 $57.66 $61.44                    -                2,411               1,264 
  Greene $56.84 $48.78 $51.81              17,136            583,292              30,582 
  Grenada $88.92 $58.51 $52.28                    -             168,515            836,781 
  Hancock $57.84 $49.74 $52.85                    -             269,000            299,134 
  Harrison $50.57 $43.40 $46.09            216,426            525,552            390,971 
  Hinds $97.80 $58.35 $47.79                    74            697,628            901,144 
  Holmes $98.55 $62.18 $53.42                    -          2,380,394         3,429,294 
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  Humphreys $205.34 $121.43 $97.23                    -                     -                     -  
  Issaquena $193.26 $114.69 $92.52                    -                     -                     -  
  Itawamba $91.27 $75.84 $78.98                    -                     -                     -  
  Jackson $32.64 $27.03 $28.27            277,497            445,339            495,227 
  Jasper $62.87 $53.50 $56.57              42,895            106,381              97,689 
  Jefferson $98.00 $60.38 $50.98                    -             414,657            596,407 
  JeffersonDavis $73.20 $61.65 $64.76                    -               10,853              80,236 
  Jones $31.82 $26.05 $27.11            722,986         1,160,279         1,290,256 
  Kemper $64.75 $53.21 $55.23                    -             571,363            298,507 
  Lafayette $77.57 $51.78 $47.05            316,376            839,613         1,070,960 
  Lamar $66.11 $57.13 $60.85                    -                1,243               1,382 
  Lauderdale $36.18 $28.28 $28.70            659,464         1,074,077         1,227,442 
  Lawrence $57.54 $48.98 $51.80              66,760            434,337            133,435 
  Leake $35.65 $27.74 $28.08            601,600         1,070,705         1,232,754 
  Lee $118.39 $89.53 $87.91                    -                     -                     -  
  Leflore $59.53 $34.18 $27.48         2,953,287         9,674,169       13,670,358 
  Lincoln $83.87 $70.51 $73.92                    -                     -                     -  
  Lowndes $114.00 $75.65 $68.38                    -               62,699            492,058 
  Madison $70.62 $44.99 $39.39            552,131         1,272,229         3,433,811 
  Marion $104.50 $91.83 $98.50                    -                     -                     -  
  Marshall $55.19 $35.15 $31.12            740,547         1,818,640         2,608,372 
  Monroe $117.05 $72.59 $62.09                    -             366,940         1,515,598 
  Montgomery $68.37 $48.51 $46.09            172,455         1,021,277         1,162,846 
  Neshoba $114.58 $94.68 $98.21                    -                     -                     -  
  Newton $49.48 $41.33 $43.35            114,023            789,900            918,047 
  Noxubee $76.88 $57.23 $56.09                    -          1,638,561         1,314,035 
  Oktibbeha $56.59 $39.21 $36.62            533,553         1,830,788         2,325,059 
  Panola $94.01 $54.49 $43.76              38,937         1,756,014         3,922,390 
  Pearl River $64.85 $55.47 $58.76                    -             111,539            135,773 
  Perry $56.86 $48.80 $51.83              16,537            557,538              29,512 
  Pike $58.43 $48.19 $50.09                    61            690,464            195,060 
  Pontotoc $44.71 $31.36 $29.77         1,119,420         1,926,280         2,502,607 
  Prentiss $38.12 $30.01 $30.53            844,334         1,422,170         1,649,851 
  Quitman $64.91 $36.75 $29.15         1,528,995         7,377,822       10,622,950 
  Rankin $79.92 $67.29 $70.64                    -               33,070            133,498 
  Scott $108.03 $90.21 $94.12                    -                     -                     -  
  Sharkey $192.64 $116.06 $94.71                    -                     -                     -  
  Simpson $86.79 $75.81 $81.12                    -                     -                     -  
  Smith $33.91 $27.48 $28.43            272,938            442,333            496,425 
  Stone $31.73 $25.98 $27.03            390,011            625,906            696,022 
  Sunflower $110.48 $63.67 $50.38                    -             245,293       11,565,076 
  Tallahatchie $153.11 $91.76 $74.75                    -                     -                     -  
  Tate $191.90 $114.06 $92.41                    -                     -                     -  
  Tippah $75.23 $61.12 $62.94                    -                7,016            283,578 
  Tishomingo $39.06 $31.93 $33.16            224,101            378,486            423,298 
  Tunica $72.17 $40.61 $32.01         1,007,681         6,395,649         9,315,023 
  Union $108.92 $81.18 $79.19                    -                     -                     -  
  Walthall $35.75 $29.61 $30.96            622,561            999,113         1,111,036 
  Warren $54.22 $30.96 $24.92            593,423         1,774,392         2,491,418 
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  Washington $130.08 $76.74 $61.88                    -          4,427,273         8,141,716 
  Wayne $84.66 $73.95 $79.13                    -                     -                     -  
  Webster $68.37 $52.35 $52.09            219,229            662,526            855,444 
  Wilkinson $153.41 $103.27 $93.13                    -                     -                     -  
  Winston $78.87 $64.37 $66.45                    -                     -             212,872 
  Yalobusha $68.66 $45.81 $41.62              35,156            911,070         1,429,556 
  Yazoo $114.50 $68.07 $55.34                    -          2,148,248         4,208,709 
Mississippi Average and Total $103.90 $65.87 $56.96       18,382,361       72,823,328     130,005,423 

 

    
Area weighted average carbon 

price ($/t C) 
 Amount of carbon if all land available at <$50/t C 

were afforested (t C)  
State County 20 years 40 years 80 years 20 years 40 years 80 years 
North Carolina Alamance $39.73 $31.55 $32.30            487,759            845,598            955,626 
  Alexander $49.48 $38.87 $39.50              84,589            581,650            671,858 
  Alleghany $71.93 $38.55 $29.05              81,767            233,920            415,519 
  Anson $63.95 $51.69 $53.20                    -             386,473            440,460 
  Ashe $85.66 $43.44 $30.80              41,710            205,355            396,727 
  Avery $64.65 $36.75 $29.54              34,609              84,072            119,340 
  Beaufort $95.73 $61.02 $53.24            381,233         1,540,844         4,333,242 
  Bertie $74.33 $51.18 $47.44            735,634         1,324,681         2,672,931 
  Bladen $50.88 $39.58 $39.92         1,685,074         3,900,953         4,521,302 
  Brunswick $44.50 $36.14 $37.36            622,148         1,232,731         1,382,862 
  Buncombe $68.07 $37.23 $28.62              67,345            152,280            269,727 
  Burke $46.47 $34.87 $34.48            242,283            476,565            573,817 
  Cabarrus $65.84 $53.56 $55.34                    -                     -                     -  
  Caldwell $45.50 $33.30 $32.47            251,191            448,923            546,147 
  Camden $62.20 $47.79 $47.70            918,467         1,553,049         1,936,974 
  Carteret $133.15 $90.20 $82.61            609,015         1,048,572         1,099,814 
  Caswell $43.00 $32.95 $33.09            345,835            626,888            723,176 
  Catawba $48.09 $38.70 $39.85            366,480         1,290,661         1,462,327 
  Chatham $45.05 $36.88 $38.31            200,353            413,757            465,204 
  Cherokee $107.83 $51.98 $34.52                    -                5,587              92,052 
  Chowan $83.74 $54.79 $48.84            125,484            206,306         1,076,896 
  Clay $92.25 $45.62 $31.29               5,996              13,071              52,932 
  Cleveland $64.74 $53.10 $55.13                    -                9,034              12,382 
  Columbus $51.02 $40.10 $40.68         2,334,640         4,669,639         5,318,306 
  Craven $91.82 $64.19 $60.19            229,773         1,626,108         1,271,889 
  Cumberland $62.25 $42.86 $39.96            860,912         3,081,621         3,949,755 
  Currituck $92.22 $61.44 $55.53            152,592            244,886         1,204,254 
  Dare $112.20 $78.64 $73.83              57,121              91,670            101,939 
  Davidson $48.90 $39.04 $40.03            378,977         1,658,853         1,887,244 
  Davie $49.79 $39.25 $39.96            114,187            534,200            611,399 
  Duplin $51.05 $40.89 $41.95         2,257,980         5,608,690         6,347,402 
  Durham $36.65 $29.23 $29.98            139,952            232,720            263,837 
  Edgecombe $82.07 $56.58 $52.54            162,006            289,658         2,124,773 
  Forsyth $42.88 $32.80 $32.91            336,210            615,405            711,548 
  Franklin $40.65 $31.97 $32.57            969,505         1,621,308         1,842,874 
  Gaston $66.38 $53.89 $55.63                    -                     -                     -  
  Gates $95.44 $60.95 $53.24              15,641            328,839         1,387,900 
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  Graham $117.43 $55.78 $36.31                    -                     -               10,170 
  Granville $38.96 $30.92 $31.65            525,985            909,815         1,028,003 
  Greene $58.83 $47.91 $49.51            427,403         2,130,297         1,312,366 
  Guilford $41.71 $32.42 $32.83            774,405         1,312,286         1,501,472 
  Halifax $69.96 $52.55 $51.78            628,043         1,067,095         1,919,121 
  Harnett $90.64 $53.80 $44.47            108,739         1,729,661         4,044,136 
  Haywood $86.23 $44.17 $31.67              15,842              31,674              96,903 
  Henderson $91.82 $45.92 $31.95              30,752            168,515            630,699 
  Hertford $88.30 $57.47 $51.01              50,348            173,392         1,363,494 
  Hoke $61.33 $44.13 $42.42            918,433         1,851,537         2,480,082 
  Hyde $143.81 $94.33 $84.24            818,940         1,367,620         2,417,468 
  Iredell $50.47 $39.72 $40.42            111,402         2,014,884         2,312,149 
  Jackson $87.35 $45.69 $33.58              24,938              48,214            119,116 
  Johnston $78.96 $56.07 $53.22              18,806         4,188,600            485,604 
  Jones $64.82 $49.33 $48.97            834,800         1,644,537         1,773,940 
  Lee $84.18 $49.73 $41.05              85,610            312,209            752,192 
  Lenoir $70.84 $52.30 $50.95            248,955         1,841,260         1,558,266 
  Lincoln $67.52 $54.39 $55.92                    -                     -                     -  
  Macon $94.47 $46.69 $32.03              18,742              39,662            173,753 
  Madison $78.13 $41.88 $31.61              35,104              70,230            146,004 
  Martin $56.84 $47.10 $49.12            704,226         1,206,150         1,442,386 
  McDowell $56.93 $32.74 $26.40            118,248            255,448            391,619 
  Mecklenburg $69.81 $55.26 $56.24                    -                     -                     -  
  Mitchell $86.94 $44.08 $31.18               8,595              20,426              61,110 
  Montgomery $124.20 $72.07 $57.77                    -               29,398              33,182 
  Moore $146.13 $79.40 $59.31                    -               47,799              54,661 
  Nash $60.41 $50.89 $53.56              65,602            123,595            144,096 
  New Hanover $45.82 $36.39 $37.13              53,349            103,678            119,391 
  Northampton $87.27 $58.12 $52.57                    -             104,904         2,008,871 
  Onslow $63.36 $47.67 $47.13            545,289         1,363,306         1,569,263 
  Orange $37.24 $30.49 $31.71            249,295            404,877            451,045 
  Pamlico $86.88 $57.30 $51.41            419,495            771,537         1,412,446 
  Pasquotank $107.49 $69.69 $61.62            338,127            564,489         2,072,537 
  Pender $99.02 $68.01 $63.21            530,051         1,179,344         1,352,261 
  Perquimans $87.15 $55.16 $47.81            560,605            946,630         2,784,806 
  Person $39.67 $31.53 $32.30            347,122            590,698            667,366 
  Pitt $62.52 $47.37 $46.90         1,695,600         4,100,238         4,242,840 
  Polk $45.95 $36.37 $37.13            151,504            249,103            286,667 
  Randolph $46.33 $37.93 $39.41            585,323         1,314,913         1,476,691 
  Richmond $143.70 $78.35 $58.74                    -               67,741              81,396 
  Robeson $45.19 $37.75 $39.60         5,532,432         9,211,042       10,294,604 
  Rockingham $39.46 $31.14 $31.78            644,362         1,112,664         1,260,634 
  Rowan $50.28 $39.65 $40.39            164,421         2,239,834         2,566,921 
  Rutherford $45.74 $36.38 $37.23            608,203         1,024,865         1,170,863 
  Sampson $49.09 $39.44 $40.53         3,193,337         7,500,997         8,606,179 
  Scotland $58.89 $43.01 $41.75            947,874         1,844,308         2,402,057 
  Stanly $61.91 $51.87 $54.44                    -                5,368               7,357 
  Stokes $37.05 $30.18 $31.30            449,517            745,412            832,075 
  Surry $48.42 $36.56 $36.35            225,707            603,721            704,822 
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  Swain $101.72 $49.71 $33.60               1,278               2,771              13,893 
  Transylvani $101.76 $49.31 $32.97               8,106              16,514            150,194 
  Tyrrell $124.74 $85.45 $78.89            754,648         1,211,942         1,492,603 
  Union $60.94 $51.47 $54.24                    -                   716                  797 
  Vance $41.52 $32.34 $32.78            274,680            466,160            532,722 
  Wake $66.66 $44.46 $40.60            476,126         1,862,993         2,884,437 
  Warren $41.41 $32.29 $32.75            270,453            459,311            524,535 
  Washington $147.69 $92.37 $79.21               6,724              27,530         2,222,256 
  Watauga $86.32 $44.07 $31.61              42,598            138,542            261,455 
  Wayne $64.73 $50.77 $51.35            432,602         2,974,107         1,432,640 
  Wilkes $45.10 $33.11 $32.36            326,517            566,340            693,751 
  Wilson $65.11 $51.14 $51.80            345,971            768,807            814,848 
  Yadkin $46.31 $35.66 $35.87            360,747            664,699            769,077 
  Yancey $87.16 $45.33 $33.10              10,449              20,513              52,347 
North Carolina Average and Total $70.97 $50.80 $48.53       42,422,896     104,999,488     135,713,071 

 

    
Area weighted average carbon 

price ($/t C) 
 Amount of carbon if all land available at <$50/t C 

were afforested (t C)  
State County 20 years 40 years 80 years 20 years 40 years 80 years 
South Carolina Abbeville $36.50 $29.36 $30.26            569,699            924,464         1,035,419 
  Aiken $34.83 $27.64 $28.28         2,857,865         4,769,809         5,431,559 
  Allendale $38.09 $31.24 $32.48         1,985,294         3,367,632         3,772,590 
  Anderson $27.18 $21.52 $22.04         1,340,723         2,152,020         2,393,319 
  Bamberg $38.82 $32.07 $33.48         1,863,917         3,017,310         3,380,226 
  Barnwell $35.17 $29.25 $30.63         2,317,741         3,729,910         4,157,301 
  Beaufort $34.48 $28.34 $29.50            439,254            715,693            799,583 
  Berkeley $40.70 $32.17 $32.76         1,144,009         1,951,827         2,214,743 
  Calhoun $45.07 $36.86 $38.25         1,608,990         2,676,327         3,027,814 
  Charleston $37.79 $31.34 $32.78            553,347            895,503            997,545 
  Cherokee $28.10 $21.91 $22.28            643,741         1,046,372         1,171,693 
  Chester $41.58 $30.76 $30.24            465,786            942,233         1,106,834 
  Chesterfield $85.80 $49.73 $40.33            730,956         1,732,303         4,712,922 
  Clarendon $43.72 $35.36 $36.47         2,866,404         4,883,676         5,529,623 
  Colleton $48.07 $34.08 $32.48         1,549,403         2,934,628         3,475,756 
  Darlington $38.95 $32.19 $33.60         3,241,871         5,245,859         5,872,340 
  Dillon $41.61 $32.91 $33.54         1,714,220         2,949,886         3,394,122 
  Dorchester $39.71 $31.79 $32.62         1,250,489         2,096,045         2,364,929 
  Edgefield $35.08 $28.28 $29.19            825,131         1,350,628         1,521,112 
  Fairfield $37.92 $29.47 $29.81            344,759            618,746            707,752 
  Florence $39.91 $31.51 $32.07         3,663,782         6,331,020         7,244,719 
  Georgetown $39.03 $32.06 $33.37            468,335            758,438            854,024 
  Greenville $28.22 $21.63 $21.78            952,534         1,567,122         1,770,070 
  Greenwood $36.12 $29.29 $30.33            487,792            788,773            880,764 
  Hampton $38.19 $31.39 $32.67         2,161,750         3,641,591         4,075,927 
  Horry $39.14 $32.56 $34.10         3,545,918         5,749,841         6,409,721 
  Jasper $42.05 $31.19 $30.58            716,706         1,363,349         1,597,507 
  Kershaw $34.10 $24.44 $23.56         2,221,126         4,120,512         4,978,121 
  Lancaster $34.47 $27.85 $28.78            979,754         1,597,265         1,785,700 
  Laurens $27.12 $21.29 $21.71         1,040,275         1,681,089         1,876,498 
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  Lee $43.71 $36.22 $37.85         2,726,506         4,545,044         5,096,963 
  Lexington $43.76 $33.32 $33.21         2,317,965         4,156,285         4,933,047 
  Marion $50.76 $38.04 $37.55         1,289,521         2,253,693         2,600,914 
  Marlboro $44.95 $34.99 $35.34         2,093,544         3,674,205         4,292,755 
  McCormick $36.85 $29.36 $30.13            159,593            261,727            294,557 
  Newberry $35.65 $29.09 $30.21            618,210            994,987         1,107,915 
  Oconee $28.94 $21.96 $21.99            334,849            558,369            637,262 
  Orangeburg $41.59 $34.25 $35.66         5,791,837         9,625,476       10,806,310 
  Pickens $27.95 $21.75 $22.08            331,238            539,147            605,035 
  Richland $47.83 $37.59 $38.15         1,041,546         2,072,389         2,408,117 
  Saluda $35.14 $28.66 $29.76         1,107,418         1,784,989         1,990,503 
  Spartanburg $27.59 $21.64 $22.06         1,807,571         2,920,557         3,260,691 
  Sumter $44.46 $36.34 $37.69         2,919,279         5,216,382         5,894,492 
  Union $31.80 $22.40 $21.46            446,440            783,659            929,699 
  Williamsburg $40.41 $32.91 $34.10         2,962,183         5,445,032         6,112,000 
  York $38.79 $30.30 $30.77            938,709         1,564,832         1,778,274 
South Carolina Average and Total $41.10 $32.08 $32.47       71,437,976     121,996,642     141,288,770 

 

    
Area weighted average carbon 

price ($/t C) 
 Amount of carbon if all land available at <$50/t C 

were afforested (t C)  
State County 20 years 40 years 80 years 20 years 40 years 80 years 
Tennessee Anderson $68.52 $39.60 $32.04                    99              83,096            126,699 
  Bedford $71.39 $39.03 $29.81            198,852            504,959            960,231 
  Benton $97.22 $61.20 $52.59              62,516            224,043            282,806 
  Bledsoe $66.60 $41.86 $36.17                    -             456,472            624,335 
  Blount $66.42 $41.17 $35.56            147,830            364,673            607,931 
  Bradley $82.54 $43.02 $31.45              10,673            307,938            481,876 
  Campbell $59.85 $36.34 $30.72               8,657              78,270            107,528 
  Cannon $56.72 $34.02 $28.46              22,847            411,548            582,641 
  Carroll $47.53 $35.23 $34.54         1,171,315         2,738,057         3,372,666 
  Carter $117.47 $68.14 $54.53                    -                     -               82,731 
  Cheatham $64.46 $37.24 $30.06              55,529            601,412            860,730 
  Chester $61.26 $45.86 $45.11              97,286            766,831            968,927 
  Claiborne $138.29 $75.66 $56.96                    -                     -               98,601 
  Clay $63.43 $36.58 $29.47              27,578            198,776            284,086 
  Cocke $80.41 $42.09 $30.81              48,237            207,809            469,213 
  Coffee $60.43 $35.54 $29.23               3,095         1,619,055         2,270,572 
  Crockett $44.69 $35.04 $35.53         2,126,410         3,864,597         4,539,125 
  Cumberland $90.03 $57.25 $49.67                    -                     -             241,736 
  Davidson $82.61 $44.47 $33.44              88,897            298,827            538,684 
  De Kalb $69.36 $40.08 $32.31              16,008            392,635            600,207 
  Decatur $49.55 $34.62 $32.63            396,247            847,174         1,050,154 
  Dickson $110.23 $66.21 $54.47                    -              42,941            413,217 
  Dyer $88.99 $56.02 $48.51            333,286         4,542,989         5,743,685 
  Fayette $55.08 $42.76 $43.03                  249         4,542,183         5,448,121 
  Fentress $81.71 $52.35 $45.78                    -                1,106            206,502 
  Franklin $94.29 $58.75 $50.01                    -             324,891         2,280,563 
  Gibson $49.56 $36.23 $35.20         2,383,109         5,518,165         6,776,079 
  Giles $102.90 $53.68 $39.02            124,885            479,374         1,018,755 
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  Grainger $107.62 $64.67 $53.41                    -                     -             176,523 
  Greene $82.40 $43.31 $31.84              52,871            570,070         1,367,858 
  Grundy $52.18 $32.12 $27.47              33,940            222,288            302,853 
  Hamblen $72.05 $39.34 $30.22              25,214            227,113            344,610 
  Hamilton $61.05 $39.81 $35.71                    -             323,127            437,459 
  Hancock $97.13 $48.92 $34.36                    -               22,212              58,187 
  Hardeman $48.48 $34.94 $33.66            850,904         1,852,789         2,239,910 
  Hardin $54.78 $33.56 $28.60            264,050         1,800,532         2,476,519 
  Hawkins $134.71 $73.38 $55.04                    -                1,156            247,375 
  Haywood $71.42 $57.66 $59.19                    -               12,977         1,395,355 
  Henderson $51.19 $43.22 $45.57            179,322         1,848,441         2,058,575 
  Henry $44.03 $33.25 $32.99         1,228,593         2,317,953         2,694,597 
  Hickman $100.48 $60.92 $50.55                    -             147,744            658,807 
  Houston $116.55 $70.53 $58.46                    -                     -                7,048 
  Humphreys $90.62 $57.36 $49.50                    -             592,121         1,079,857 
  Jackson $67.66 $40.49 $33.48                    -             109,382            213,372 
  Jefferson $79.68 $48.80 $41.46                    -             251,086            406,533 
  Johnson $110.99 $57.77 $41.62                    -               41,760            180,142 
  Knox $81.53 $44.96 $34.73              18,374            213,538            466,651 
  Lake $64.48 $37.07 $29.79            403,872         2,446,308         3,961,838 
  Lauderdale $57.11 $36.34 $31.98         1,867,747         4,383,850         6,297,922 
  Lawrence $66.76 $39.16 $32.08            142,529         1,881,884         2,668,452 
  Lewis $94.95 $57.38 $47.59                    -                3,742            227,736 
  Lincoln $99.04 $58.88 $48.19                    -             323,496         2,166,921 
  Loudon $73.82 $46.62 $40.60                    -             305,146            458,119 
  Macon $85.33 $49.68 $40.02              28,710              91,614            718,019 
  Madison $49.03 $35.68 $34.57         1,619,499         3,643,750         4,445,068 
  Marion $60.24 $33.22 $25.78              62,599            465,545            702,904 
  Marshall $95.28 $49.78 $36.28              91,846            218,221            427,250 
  Maury $157.88 $84.05 $61.23                    -             605,347            849,011 
  McMinn $75.94 $43.21 $34.57            110,803            353,452            743,631 
  McNairy $45.77 $35.66 $36.03            978,189         1,970,222         2,269,343 
  Meigs $69.31 $43.11 $37.32                    -             126,062            196,094 
  Monroe $74.39 $41.76 $32.99            118,885            370,203            704,767 
  Montgomery $112.73 $66.06 $53.17                    -                     22         1,161,881 
  Moore $55.81 $32.94 $27.14              73,963            251,627            360,734 
  Morgan $77.80 $40.85 $30.10               4,519              63,896              96,853 
  Obion $62.94 $43.79 $41.01            497,325         3,810,470         5,496,750 
  Overton $65.40 $38.77 $32.02               1,350            306,741            441,688 
  Perry $66.65 $37.89 $30.17            114,359            453,094            676,749 
  Pickett $80.76 $50.88 $43.82                    -               16,708            115,285 
  Polk $63.86 $38.34 $32.13              23,060            190,465            296,343 
  Putnam $83.46 $48.94 $39.71                    -             113,843            490,222 
  Rhea $62.76 $39.96 $35.22              29,928            302,521            421,065 
  Roane $72.26 $40.92 $32.56                  190            135,574            214,122 
  Robertson $72.50 $40.72 $31.95                    -          2,480,284         3,685,884 
  Rutherford $57.54 $33.75 $27.65              17,764         1,232,247         1,767,395 
  Scott $72.07 $39.00 $29.66               3,160              34,243              50,515 
  Sequatchie $59.33 $37.05 $31.84                    -             201,360            276,908 
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  Sevier $75.04 $41.41 $31.98              16,017            151,436            288,026 
  Shelby $51.84 $35.84 $33.54         1,788,071         3,903,491         5,015,277 
  Smith $65.84 $36.75 $28.68            101,962            248,766            426,892 
  Stewart $69.73 $40.59 $33.09                    -             410,548            592,870 
  Sullivan $126.23 $68.03 $50.44                    -                     -               93,600 
  Sumner $92.06 $48.84 $36.13               5,507            784,709         1,893,694 
  Tipton $59.45 $42.53 $40.61         1,753,115         4,766,613         6,639,849 
  Trousdale $68.84 $37.87 $29.18              54,961            184,156            327,181 
  Unicoi $82.54 $44.62 $33.83                  740               9,595              18,595 
  Union $122.12 $66.89 $50.56                    -                     -               60,869 
  Van Buren $55.33 $34.19 $29.29               6,649              85,682            116,810 
  Warren $57.07 $34.43 $28.94                  500         1,479,536         2,045,234 
  Washington $57.27 $34.23 $28.55                    -             441,742            613,916 
  Wayne $54.39 $33.50 $28.62            181,243            689,632            938,860 
  Weakley $49.71 $36.57 $35.68         1,589,737         3,543,708         4,313,259 
  White $54.14 $33.11 $28.16              44,696            795,008         1,087,755 
  Williamson $96.50 $53.18 $40.63                    -             448,224         1,288,538 
  Wilson $128.69 $72.58 $56.20                    -               17,240            178,227 
Tennessee Average and Total $67.80 $44.03 $39.23       21,710,368       84,714,132     126,179,548 
SECARB States Average and Total $110.99 $74.12 $66.83     197,736,857     609,922,311     818,109,076 

 
Table A2. Area weighted average cost ($/t C) and available carbon at less than or equal to $30/t C 
($7.50/short t CO2) for afforestation projects of existing grazing lands for each region in SECARB states. 
 

    
Area weighted average carbon 

price ($/t C) 
 Amount of carbon if all land available at <$30/t C 

were afforested (t C)  
State County 20 years 40 years 80 years 20 years 40 years 80 years 
Alabama Autauga $32.76 $21.70 $19.97            420,866         1,093,527          1,319,700 
  Baldwin $29.24 $23.49 $24.22         1,496,395         6,051,397          6,744,946 
  Barbour $30.11 $24.26 $25.05              86,244            878,349             977,135 
  Bibb $34.15 $24.61 $23.88            240,250            613,017             732,375 
  Blount $44.66 $30.07 $27.86            212,497            580,993          3,071,175 
  Bullock $31.54 $21.41 $20.05            455,386            923,602          1,077,640 
  Butler $31.61 $23.31 $22.94            409,502            745,044             851,219 
  Calhoun $37.71 $26.96 $25.97                    -             978,060          1,457,214 
  Chambers $37.19 $26.70 $25.88              25,902         1,058,176          1,250,403 
  Cherokee $42.23 $26.40 $23.10                    -          1,286,594          2,028,277 
  Chilton $29.26 $23.00 $23.45            937,982         1,607,897          1,812,279 
  Choctaw $29.50 $23.04 $23.41            360,711            675,884             766,198 
  Clarke $32.01 $23.29 $22.73            320,308            594,313             710,706 
  Clay $37.21 $22.64 $19.45                    -          1,056,322          1,415,745 
  Cleburne $35.36 $26.28 $25.94            273,762            477,845             778,172 
  Coffee $29.62 $23.87 $24.66            428,808         1,735,394          1,929,797 
  Colbert $30.26 $23.02 $23.06            970,387         1,775,242          2,065,936 
  Conecuh $29.78 $23.65 $24.24            374,009         1,091,185          1,227,911 
  Coosa $35.58 $24.55 $23.17              91,725            519,246             639,684 
  Covington $30.90 $23.56 $23.63            891,556         2,241,180          2,665,059 
  Crenshaw $27.25 $21.94 $22.65            649,447         1,114,722          1,240,438 
  Cullman $44.90 $31.24 $29.61                  331              81,326          4,096,147 
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  Dale $29.54 $23.80 $24.58            318,941         1,068,703          1,189,019 
  Dallas $53.69 $29.52 $23.53         1,131,721         2,298,172          2,680,220 
  De Kalb $46.06 $31.39 $29.34                    -                     -          4,083,846 
  Elmore $28.28 $20.28 $19.63            734,589         1,725,118          2,057,242 
  Escambia $28.48 $22.79 $23.45         1,131,965         2,119,997          2,371,529 
  Etowah $44.99 $28.33 $24.95                    -             818,741          2,115,590 
  Fayette $30.07 $23.28 $23.55            497,686            930,629          1,048,560 
  Franklin $32.00 $24.45 $24.55            955,935         1,964,466          2,229,147 
  Geneva $31.46 $23.96 $24.02            967,010         2,562,401          3,069,157 
  Greene $70.47 $34.86 $24.92            426,244         1,164,884          1,429,097 
  Hale $85.21 $40.32 $27.37            640,578         1,029,528          1,145,252 
  Henry $29.78 $24.01 $24.80            337,748         1,368,951          1,522,304 
  Houston $29.83 $24.04 $24.83            758,737         3,060,483          3,403,326 
  Jackson $48.05 $30.15 $26.55            198,536         1,100,641          3,048,022 
  Jefferson $40.13 $26.10 $23.65            135,143            959,379          1,267,520 
  Lamar $27.63 $22.15 $22.82            504,822            810,161             900,917 
  Lauderdale $40.36 $23.74 $19.83            129,770         3,782,777          5,163,514 
  Lawrence $35.90 $25.89 $25.15            889,256         3,066,841          3,610,275 
  Lee $31.35 $24.43 $24.79            444,066            818,831             921,566 
  Limestone $43.11 $26.65 $23.10            110,126         2,617,440          4,089,851 
  Lowndes $81.22 $38.09 $25.51            298,097         1,298,524          1,657,448 
  Macon $29.14 $21.25 $20.77            463,794         1,036,678          1,229,583 
  Madison $34.78 $22.69 $20.59            648,348         2,930,675          3,753,558 
  Marengo $84.46 $39.54 $26.45            426,692         1,193,304          1,484,982 
  Marion $30.16 $23.59 $24.00            750,410         1,339,114          1,503,103 
  Marshall $43.60 $30.34 $28.75              97,496            468,895          3,004,891 
  Mobile $32.16 $25.12 $25.52            266,863         3,407,305          3,906,326 
  Monroe $28.87 $22.68 $23.11            901,826         1,634,203          1,851,665 
  Montgomery $83.67 $39.30 $26.38            401,335         1,320,728          1,644,352 
  Morgan $36.18 $24.89 $23.45            611,441         2,719,296          3,331,658 
  Perry $92.50 $42.55 $27.81            235,134            544,505             648,716 
  Pickens $30.51 $23.66 $23.94            834,465         1,512,587          1,727,567 
  Pike $29.03 $22.63 $22.97            720,131         1,387,122          1,602,860 
  Randolph $37.01 $25.47 $24.00            150,052         1,188,825          1,445,672 
  Russell $26.85 $21.65 $22.36            248,569            571,775             635,826 
  Shelby $38.85 $24.44 $21.59              84,066         1,463,295          1,917,690 
  St. Clair $42.16 $27.22 $24.44                    -          1,044,290          1,849,820 
  Sumter $27.19 $20.43 $20.33         1,438,381         2,773,057          3,205,578 
  Talladega $32.92 $23.20 $22.18            642,890         1,876,451          2,295,134 
  Tallapoosa $34.75 $24.82 $23.95            179,049            603,969             722,014 
  Tuscaloosa $32.44 $24.77 $24.87            745,444         1,446,719          1,658,071 
  Walker $38.78 $26.94 $25.57            132,935         1,002,606          1,209,113 
  Washington $29.95 $22.67 $22.61            431,762            866,031          1,008,948 
  Wilcox $57.30 $32.04 $25.76            463,082         1,040,564          1,244,503 
  Winston $40.10 $27.75 $26.26              36,938            826,989             999,227 
Alabama Average and Total $42.66 $27.29 $24.52       30,168,137       95,944,962      131,742,411 
 
 
    Area weighted average carbon  Amount of carbon if all land available at <$30/t C 
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price ($/t C) were afforested (t C)  
State County 20 years 40 years 80 years 20 years 40 years 80 years 
Arkansas Arkansas $38.60 $27.52 $26.54                    -               901,866          1,015,507 
  Ashley $49.25 $28.81 $24.00              71,677         1,217,668          1,597,283 
  Baxter $60.50 $34.03 $27.28                    -               315,591          1,245,071 
  Benton $91.26 $41.91 $26.87                    -                       -            9,073,195 
  Boone $75.20 $36.91 $25.75                    -            1,069,081          6,091,489 
  Bradley $33.53 $25.21 $25.06              39,467            423,383             517,767 
  Calhoun $29.72 $22.19 $21.97            177,260            342,574             412,754 
  Carroll $72.72 $36.22 $25.66                    -               469,995          5,867,255 
  Chicot $82.87 $41.95 $30.25                    -               359,042             774,791 
  Clark $65.19 $35.05 $27.11            100,911         1,070,704          1,952,459 
  Clay $53.56 $29.92 $23.81                    -               669,470          1,019,749 
  Cleburne $46.38 $27.65 $23.33              63,389         1,714,957          2,750,512 
  Cleveland $31.28 $24.51 $24.94              40,226            473,385             544,559 
  Columbia $34.77 $25.98 $25.75               1,335         1,364,348          1,591,024 
  Conway $45.25 $26.99 $22.82            153,311         3,656,587          4,838,339 
  Craighead $52.05 $29.23 $23.36                    -               619,412             946,319 
  Crawford $46.66 $27.02 $22.22            179,181         2,409,471          4,843,290 
  Crittenden $53.04 $29.23 $22.93                    -               235,889             620,049 
  Cross $48.88 $29.23 $24.73                    -               402,291             713,110 
  Dallas $31.72 $24.28 $24.40              79,343            438,038             519,041 
  Desha $75.10 $38.04 $27.39                    -               352,374             802,803 
  Drew $42.81 $27.71 $25.03              56,778         1,185,701          1,470,884 
  Faulkner $43.69 $26.08 $22.03            145,244         4,957,239          6,664,204 
  Franklin $40.61 $25.62 $22.64              25,721         4,880,254          6,595,585 
  Fulton $57.73 $34.40 $29.00                    -               502,479             841,282 
  Garland $32.55 $22.16 $20.73                    -            1,434,416          1,797,789 
  Grant $36.54 $25.76 $24.63            174,682            799,280          1,086,934 
  Greene $54.76 $30.64 $24.42                    -               589,685             921,633 
  Hempstead $71.16 $37.73 $28.88            132,331         2,670,484          3,083,943 
  Hot Spring $36.37 $24.69 $23.03            156,923         1,727,594          2,363,548 
  Howard $56.41 $32.44 $26.81            160,242         2,399,668          2,886,175 
  Independence $51.44 $29.46 $24.04                    -            2,457,604          4,237,883 
  Izard $42.34 $26.28 $22.98                    -            1,960,753          2,633,631 
  Jackson $53.65 $29.00 $22.40                    -               357,868             681,275 
  Jefferson $67.68 $35.81 $27.13            182,734            769,862             990,901 
  Johnson $41.76 $25.35 $21.71            367,096         3,110,216          4,376,949 
  Lafayette $56.33 $32.07 $26.04               1,168         1,206,513          1,583,199 
  Lawrence $45.36 $27.09 $22.91                    -            1,417,967          1,909,790 
  Lee $41.73 $27.18 $24.61                    -               469,487             713,558 
  Lincoln $70.64 $37.73 $28.90              55,608            525,641             656,259 
  Little River $66.75 $36.33 $28.35            277,809         1,453,381          1,886,783 
  Logan $40.69 $24.34 $20.59            127,243         4,645,567          6,298,141 
  Lonoke $42.19 $26.75 $23.76              25,279         1,695,983          2,150,365 
  Madison $70.91 $35.69 $25.57                    -               308,250          5,596,178 
  Marion $68.67 $35.57 $26.33                    -               521,323          2,573,818 
  Miller $57.79 $33.55 $27.70            300,462         2,224,364          2,765,004 
  Mississippi $52.97 $29.06 $22.69                    -               278,143             626,269 
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  Monroe $49.21 $28.44 $23.47                    -               378,685             626,614 
  Montgomery $32.44 $22.11 $20.71                    -            1,901,931          2,374,808 
  Nevada $60.74 $34.16 $27.69            104,689         1,463,932          1,714,034 
  Newton $66.46 $34.27 $25.22                    -               268,438          1,836,662 
  Ouachita $33.57 $25.08 $24.85              65,633            501,187             617,727 
  Perry $39.03 $24.57 $21.75              82,047         1,501,920          1,842,572 
  Phillips $45.32 $27.93 $24.26                    -               478,625             818,971 
  Pike $45.89 $28.19 $24.50                    -            1,461,586          2,050,679 
  Poinsett $50.08 $28.50 $23.08                    -               272,324             468,373 
  Polk $31.95 $21.92 $20.63                    -            3,284,131          4,035,557 
  Pope $42.35 $25.74 $22.07            241,444         3,804,085          5,232,803 
  Prairie $42.84 $27.22 $24.20                    -            1,045,685          1,438,377 
  Pulaski $51.39 $28.87 $23.17              61,083         1,488,893          2,011,827 
  Randolph $60.61 $35.50 $29.48                    -               322,449             483,673 
  Saline $33.66 $23.77 $22.77               3,717         1,319,478          1,649,408 
  Scott $37.90 $23.43 $20.38              87,039         3,256,771          4,284,347 
  Searcy $70.70 $35.48 $25.39                    -               999,344          3,741,608 
  Sebastian $40.48 $24.54 $20.99                    -            4,721,840          6,364,037 
  Sevier $48.71 $29.47 $25.30            439,601         1,996,637          3,070,132 
  Sharp $47.19 $29.37 $25.68                    -            1,187,692          1,480,030 
  St. Francis $46.22 $28.52 $24.76                    -               536,494             963,227 
  Stone $58.04 $31.47 $24.42                    -               946,073          2,056,783 
  Union $36.02 $26.26 $25.63               7,379            381,502             495,294 
  Van Buren $48.82 $28.62 $23.79               8,264         1,594,346          3,042,974 
  Washington $73.45 $36.44 $25.70                    -               884,676          9,844,249 
  White $44.10 $26.83 $23.03              52,952         5,241,843          7,798,354 
  Woodruff $41.34 $23.81 $19.51                    -               492,016             858,104 
  Yell $40.62 $24.33 $20.63            217,874         4,129,377          5,505,356 
Arkansas Average and Total $54.65 $30.60 $24.50         4,467,142     108,917,806      191,834,927 
 
 

    
Area weighted average carbon 

price ($/t C) 
 Amount of carbon if all land available at <$30/t C 

were afforested (t C)  
State County 20 years 40 years 80 years 20 years 40 years 80 years 
Florida Alachua $31.06 $23.78 $23.86            290,203            488,162             545,629 
  Baker $36.09 $24.91 $23.43              14,633              23,484               34,011 
  Bay $29.24 $22.50 $22.67              86,711            151,448             177,605 
  Bradford $26.43 $21.19 $21.81              93,667            151,495             171,060 
  Brevard $36.23 $25.61 $24.49            753,362         1,209,348          1,347,204 
  Broward $76.18 $42.78 $33.98                    -                     -               17,593 
  Calhoun $32.95 $26.08 $26.67              38,284            499,054             573,827 
  Charlotte $41.68 $28.10 $26.00            574,620            922,176          1,585,898 
  Citrus $33.75 $24.45 $23.75              38,341            117,168             141,007 
  Clay $28.28 $22.41 $22.93              27,761              53,870               60,556 
  Collier $33.54 $25.06 $24.78            783,784         1,259,068          1,478,111 
  Columbia $28.49 $23.17 $24.03            130,167            260,740             290,338 
  Dade $73.44 $40.12 $30.99                    -                     -                   152 
  De Soto $30.53 $23.57 $23.76         1,207,886         1,977,928          2,255,067 
  Dixie $32.49 $24.39 $24.20              25,238              41,476               46,617 
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  Duval $26.26 $21.18 $21.88              48,078              79,416               88,399 
  Escambia $30.18 $24.51 $25.41            104,047         1,744,876          1,943,686 
  Flagler $38.51 $26.58 $25.10            107,469            172,471             191,792 
  Franklin $32.38 $23.78 $23.30               8,394              13,795               16,281 
  Gadsden $30.79 $24.86 $25.69              28,579            238,968             268,910 
  Gilchrist $31.98 $23.68 $23.31              37,528            152,782             178,819 
  Glades $40.75 $28.07 $26.37         1,728,754         3,155,929          3,854,089 
  Gulf $29.11 $22.15 $22.15              52,567              91,166             104,105 
  Hamilton $30.11 $24.13 $24.82              39,695              91,952             104,503 
  Hardee $28.42 $22.59 $23.15         1,316,886         2,237,133          2,500,570 
  Hendry $51.54 $33.67 $30.45         2,369,215         3,817,845          4,794,690 
  Hernando $27.94 $21.82 $22.14              70,747            141,289             159,994 
  Highlands $57.94 $36.15 $31.56         1,345,612         2,556,779          2,884,385 
  Hillsborough $30.71 $23.40 $23.42            715,598         1,459,252          1,654,947 
  Holmes $37.78 $27.37 $26.62              12,206            820,767          1,084,285 
  Indian River $40.63 $27.34 $25.27            469,515            774,782             872,493 
  Jackson $32.61 $26.17 $26.95            125,050         2,275,007          2,576,606 
  Jefferson $31.93 $25.99 $26.97              58,894            351,301             390,695 
  Lafayette $29.02 $22.93 $23.42              75,228            123,827             138,368 
  Lake $39.11 $26.75 $25.01            196,610            508,263             585,182 
  Lee $32.57 $24.23 $23.91            503,366            809,076          1,076,043 
  Leon $33.62 $26.65 $27.26              27,418            187,326             217,733 
  Levy $31.33 $23.39 $23.15            104,813            281,622             330,948 
  Liberty $29.86 $24.00 $24.73              52,002            126,395             141,417 
  Madison $33.28 $24.65 $24.30              83,849            199,965             248,074 
  Manatee $39.10 $26.96 $25.35            414,794         1,401,907          1,635,284 
  Marion $29.10 $22.48 $22.68            325,264            692,301             787,511 
  Martin $29.72 $23.00 $23.21            948,374         1,714,353          1,926,342 
  Monroe $117.20 $66.33 $53.07                    -                     -                     -  
  Nassau $25.46 $20.58 $21.27              24,640              40,380               45,106 
  Okaloosa $31.77 $25.57 $26.38            104,796            759,173             855,779 
  Okeechobee $34.64 $25.46 $24.94         2,664,813         4,380,810          4,882,362 
  Orange $32.45 $24.26 $24.01            262,280            500,638             564,985 
  Osceola $33.63 $25.03 $24.70         1,883,674         3,135,857          3,498,843 
  Palm Beach $39.08 $27.01 $25.44            182,967            534,613             619,781 
  Pasco $28.08 $22.32 $22.88            340,521            621,813             699,280 
  Pinellas $34.58 $25.36 $24.81              41,004              74,279               83,479 
  Polk $32.96 $24.64 $24.38         1,235,883         2,194,681          2,462,440 
  Putnam $38.69 $26.76 $25.24              47,158            122,656             141,267 
  Santa Rosa $30.95 $25.13 $26.04            125,818         1,432,829          1,597,978 
  Sarasota $37.92 $27.02 $25.95            472,687            781,898             871,905 
  Seminole $35.88 $25.46 $24.40              74,561            176,797             202,526 
  St. Johns $75.78 $44.52 $36.91              25,646              41,801               46,539 
  St. Lucie $30.36 $23.31 $23.44            766,313         1,454,367          1,640,570 
  Sumter $30.95 $23.64 $23.69            196,072            359,401             404,300 
  Suwannee $28.82 $23.47 $24.35            187,129            385,985             429,224 
  Taylor $26.91 $21.26 $21.71              40,007              64,279               72,960 
  Union $25.51 $20.37 $20.91              66,875            112,615             127,004 
  Volusia $34.56 $24.92 $24.18            298,176            537,050             614,206 
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  Wakulla $27.58 $22.09 $22.74              17,212              27,622               31,129 
  Walton $32.62 $26.13 $26.89            177,660         1,241,226          1,408,790 
  Washington $32.22 $26.08 $26.98              64,706            616,401             690,598 
Florida Average and Total $37.50 $26.92 $25.98       24,735,808       52,973,135        61,471,879 
 

    
Area weighted average carbon 

price ($/t C) 
 Amount of carbon if all land available at <$30/t C 

were afforested (t C)  
State County 20 years 40 years 80 years 20 years 40 years 80 years 
Georgia Appling $32.17 $26.27 $27.29              78,252            407,803             453,964 
  Atkinson $34.53 $28.05 $29.07              27,746            373,957             419,080 
  Bacon $33.29 $27.15 $28.19              48,775            296,346             330,148 
  Baker $36.93 $27.96 $27.88            113,691            614,860             750,438 
  Baldwin $37.23 $28.54 $28.66                    -             179,532             207,899 
  Banks $32.79 $26.82 $27.89                    -             874,347             972,294 
  Barrow $33.41 $27.33 $28.42                    -          1,161,059          1,291,124 
  Bartow $47.22 $31.03 $28.17              18,870            650,203             885,768 
  Ben Hill $28.62 $23.35 $24.25            192,069            477,230             531,453 
  Berrien $29.72 $24.30 $25.26            294,732         1,033,850          1,149,926 
  Bibb $35.96 $27.30 $27.25               1,058            245,102             287,184 
  Bleckley $31.16 $25.49 $26.51              80,414            693,685             771,393 
  Brantley $35.36 $26.27 $25.90              72,126            209,599             257,805 
  Brooks $30.70 $25.11 $26.11              66,012            484,472             538,744 
  Bryan $38.07 $29.47 $29.74              14,381              64,113               71,327 
  Bulloch $32.06 $26.13 $27.13              23,918            637,490             710,188 
  Burke $32.67 $26.67 $27.71              43,618            736,178             819,432 
  Butts $35.08 $28.67 $29.81                    -             518,046             576,078 
  Calhoun $39.38 $29.52 $29.26                    -             621,901             791,452 
  Camden $62.18 $34.66 $27.46                    -               22,208               33,260 
  Candler $30.90 $25.27 $26.28              42,908            261,936             291,279 
  Carroll $35.03 $28.33 $29.28              18,025         2,081,114          2,314,245 
  Catoosa $48.86 $33.34 $31.12                    -             137,992             189,125 
  Charlton $29.56 $22.97 $23.23              13,716              23,373               27,135 
  Chatham $52.96 $35.80 $33.15              21,362              47,565               54,414 
  Chattahoochee $34.49 $27.08 $27.55                    -               23,690               27,201 
  Chattooga $46.93 $30.74 $27.83                    -             545,295             730,980 
  Cherokee $37.05 $27.58 $27.21              66,669            783,493          1,057,142 
  Clarke $33.85 $27.69 $28.79                    -             289,532             321,967 
  Clay $35.32 $28.80 $29.90                    -             327,627             366,287 
  Clayton $34.81 $28.47 $29.61                    -             151,929             168,948 
  Clinch $34.67 $25.66 $25.23              19,999              62,318               77,780 
  Cobb $34.85 $28.35 $29.40                  128            271,366             303,224 
  Coffee $34.52 $28.11 $29.16              65,133            997,096          1,112,143 
  Colquitt $30.84 $25.23 $26.23            153,600         1,830,170          2,035,190 
  Columbia $34.10 $27.57 $28.50               1,145              49,460               55,495 
  Cook $29.37 $23.92 $24.82            178,038            644,732             718,467 
  Coweta $35.09 $28.70 $29.85               8,083         1,032,544          1,148,212 
  Crawford $36.75 $28.85 $29.36                    -             331,536             375,961 
  Crisp $31.99 $25.92 $26.81              26,176         1,303,827          1,470,113 
  Dade $52.06 $34.21 $31.07                    -               19,472               81,487 
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  Dawson $44.66 $31.61 $30.26                    -             131,879             146,652 
  De Kalb $35.12 $28.64 $29.73                    -               41,603               46,264 
  Decatur $31.49 $24.98 $25.57            252,248            607,176             692,510 
  Dodge $29.02 $23.38 $24.11            258,800            825,345             926,291 
  Dooly $32.01 $26.14 $27.16            106,772         1,643,126          1,829,475 
  Dougherty $34.31 $27.85 $28.85                    -             800,394             901,229 
  Douglas $32.46 $26.55 $27.61              14,671            160,430             178,401 
  Early $38.76 $28.64 $28.16                    -          1,135,499          1,438,326 
  Echols $27.37 $22.23 $23.03               8,904              15,394               17,171 
  Effingham $35.87 $27.83 $28.13              11,357            216,079             250,854 
  Elbert $38.43 $29.75 $30.05                    -             765,418             851,162 
  Emanuel $27.76 $22.71 $23.61            255,647            570,299             634,185 
  Evans $30.67 $25.04 $26.02              35,766            215,862             240,269 
  Fannin $55.37 $32.16 $26.39               1,775              80,699             356,513 
  Fayette $35.13 $28.74 $29.88               7,315            653,816             727,058 
  Floyd $46.44 $29.69 $26.39                    -             987,168          1,325,949 
  Forsyth $34.41 $28.12 $29.24              15,452            995,724          1,107,267 
  Franklin $33.40 $27.32 $28.41                    -          1,471,675          1,636,535 
  Fulton $33.81 $27.65 $28.76              12,300            525,609             584,489 
  Gilmer $48.09 $30.02 $26.16              52,313            112,788             463,163 
  Glascock $34.32 $27.80 $28.77                    -               63,956               71,702 
  Glynn $77.87 $40.51 $29.87                    80              15,425               21,159 
  Gordon $49.51 $30.97 $27.03              31,025         1,006,680          1,370,716 
  Grady $31.42 $25.34 $26.15              63,866            367,129             416,181 
  Greene $35.37 $28.62 $29.60                    -             502,096             558,341 
  Gwinnett $34.27 $28.03 $29.15                    -             787,898             876,160 
  Habersham $32.95 $26.56 $27.41                    28            853,916             950,217 
  Hall $32.95 $26.90 $27.94                    -          1,510,770          1,680,010 
  Hancock $35.50 $28.48 $29.31                    -             175,843             197,062 
  Haralson $41.76 $31.31 $31.04                    -             264,197             293,793 
  Harris $37.30 $29.37 $29.93                    -             487,796             542,440 
  Hart $34.56 $28.27 $29.39                    -          1,453,754          1,616,607 
  Heard $36.37 $28.87 $29.56               8,993            411,587             457,694 
  Henry $33.96 $27.78 $28.89                    -          1,231,420          1,369,366 
  Houston $35.68 $28.88 $29.88                    -             884,928             988,105 
  Irwin $27.55 $22.53 $23.43            660,373         1,425,295          1,584,960 
  Jackson $33.54 $27.43 $28.53                    -          1,842,514          2,048,917 
  Jasper $33.88 $27.69 $28.78                  552            874,495             972,458 
  Jeff Davis $30.91 $25.19 $26.15            107,614            359,239             400,234 
  Jefferson $34.88 $27.84 $28.58               9,659            348,843             396,736 
  Jenkins $33.30 $27.15 $28.18              15,747            259,964             289,979 
  Johnson $29.96 $24.51 $25.49            101,356            354,158             393,831 
  Jones $35.50 $28.27 $29.00                  896            260,501             292,311 
  Lamar $34.89 $28.54 $29.68               5,982            815,465             906,815 
  Lanier $34.62 $27.50 $28.15              10,656            160,978             188,450 
  Laurens $31.26 $25.52 $26.52            144,507         1,515,953          1,687,865 
  Lee $34.84 $27.72 $28.40              19,777         1,067,037          1,242,432 
  Liberty $53.91 $32.19 $27.17              16,154              35,694               45,347 
  Lincoln $38.77 $30.14 $30.51                    -             157,268             174,886 
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  Long $40.35 $28.43 $27.13              23,578            109,415             134,210 
  Lowndes $32.13 $26.02 $26.91              24,740            445,108             504,325 
  Lumpkin $40.45 $30.01 $29.57                    -             189,356             210,568 
  Macon $34.34 $28.01 $29.08              22,539         1,159,709          1,290,247 
  Madison $34.41 $28.14 $29.27                    -          1,504,043          1,672,530 
  Marion $36.32 $29.15 $30.02                    67            135,912             151,805 
  McDuffie $35.28 $28.82 $29.94                  148              59,118               65,740 
  McIntosh $71.78 $38.54 $29.38               2,511              15,945               25,847 
  Meriwether $35.58 $28.92 $29.97              32,461         1,350,128          1,501,373 
  Miller $40.49 $28.14 $26.61            108,614            895,643          1,220,113 
  Mitchell $35.68 $27.18 $27.20            225,264         1,613,876          1,917,870 
  Monroe $34.47 $28.15 $29.25               1,536            646,512             718,935 
  Montgomery $29.54 $23.56 $24.17            113,999            387,826             438,094 
  Morgan $34.80 $28.46 $29.60                    -          1,618,521          1,799,831 
  Murray $49.61 $31.08 $27.17               5,605            488,588             668,691 
  Muscogee $33.62 $26.84 $27.56               3,307            122,683             139,018 
  Newton $34.01 $27.82 $28.93                    -          1,004,747          1,117,300 
  Oconee $33.76 $27.62 $28.72                    -             879,641             978,180 
  Oglethorpe $35.64 $28.82 $29.79                    -             927,428          1,031,321 
  Paulding $34.89 $27.58 $28.16                    -             605,047             691,213 
  Peach $36.01 $29.16 $30.17                    -             580,690             645,741 
  Pickens $48.21 $29.65 $25.52              12,612            169,448             428,277 
  Pierce $34.11 $27.89 $29.00              39,242            362,990             403,727 
  Pike $35.49 $28.86 $29.93              10,454         1,122,678          1,248,443 
  Polk $46.92 $28.80 $24.75                    -          1,103,351          1,504,154 
  Pulaski $31.86 $26.01 $27.02              29,897            720,876             802,893 
  Putnam $35.76 $28.68 $29.53                  525            494,269             549,638 
  Quitman $35.26 $28.84 $29.99                    13            119,657             133,061 
  Rabun $63.15 $33.23 $24.80                  833              95,687             264,896 
  Randolph $35.28 $28.84 $29.99                  269            838,955             933,699 
  Richmond $36.74 $27.22 $26.79                  242              88,101             106,501 
  Rockdale $33.96 $27.78 $28.89                    -             266,660             296,532 
  Schley $35.26 $28.21 $29.01               5,396            173,809             195,802 
  Screven $37.22 $28.25 $28.22              16,937            478,987             576,475 
  Seminole $41.91 $28.71 $26.90              80,045            887,125          1,219,308 
  Spalding $34.70 $28.39 $29.52                    34            925,840          1,029,555 
  Stephens $31.73 $25.95 $26.99                    -             352,282             391,830 
  Stewart $35.25 $28.81 $29.95               1,576            248,506             276,344 
  Sumter $35.21 $28.67 $29.74              16,099         1,771,586          1,985,987 
  Talbot $35.51 $28.54 $29.41                    -             274,039             305,524 
  Taliaferro $36.42 $29.23 $30.10                    -             116,876             129,968 
  Tattnall $30.43 $24.87 $25.86            105,229            502,809             559,379 
  Taylor $36.26 $28.67 $29.30                    -             329,666             373,645 
  Telfair $28.46 $23.12 $23.96            269,682            688,150             768,217 
  Terrell $34.68 $27.59 $28.27              12,812         1,161,122          1,351,218 
  Thomas $30.11 $24.63 $25.61            104,219            507,264             564,089 
  Tift $30.59 $25.02 $26.02            134,335         1,273,155          1,415,777 
  Toombs $29.01 $23.46 $24.24            149,060            466,956             522,938 
  Towns $55.69 $30.22 $23.27                    -             165,021             268,380 
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  Treutlen $29.42 $23.97 $24.87              66,686            246,088             274,364 
  Troup $35.25 $28.81 $29.94                    -             908,110          1,009,838 
  Turner $30.75 $25.14 $26.14            118,384         1,347,797          1,499,665 
  Twiggs $32.72 $26.22 $26.97                  108            218,986             247,349 
  Union $52.29 $29.24 $23.17                    -             357,834             565,268 
  Upson $34.54 $28.04 $29.05               2,600            712,590             792,416 
  Walker $47.66 $30.52 $27.17                    -          1,013,772          1,389,430 
  Walton $34.74 $28.42 $29.55                    -          1,565,246          1,740,588 
  Ware $31.83 $25.83 $26.76              79,724            279,844             313,270 
  Warren $35.23 $28.81 $29.96                    20            221,269             246,056 
  Washington $34.75 $28.22 $29.23              25,682            598,534             669,889 
  Wayne $34.15 $26.72 $27.13              78,198            323,763             378,646 
  Webster $35.94 $29.07 $30.06               3,253            204,686             227,616 
  Wheeler $29.78 $24.31 $25.26              94,458            415,308             462,410 
  White $32.90 $26.71 $27.67                    -             505,586             562,223 
  Whitfield $51.18 $31.92 $27.82                    -             512,463             744,074 
  Wilcox $31.62 $25.86 $26.89            138,835         1,168,069          1,299,011 
  Wilkes $36.69 $29.20 $29.93                    -             814,494             905,735 
  Wilkinson $34.57 $27.56 $28.27               2,169            144,836             164,410 
  Worth $31.85 $25.91 $26.86              79,033         2,427,692          2,721,466 
Georgia Average and Total $36.05 $27.82 $28.03         6,164,261       97,401,597      112,907,224 
 
 

    
Area weighted average carbon 

price ($/t C) 
 Amount of carbon if all land available at <$30/t C 

were afforested (t C)  
State County 20 years 40 years 80 years 20 years 40 years 80 years 
Louisiana Acadia $58.17 $35.27 $30.04            490,772            988,050          1,098,733 
  Allen $30.37 $23.06 $23.02            774,084         1,497,568          1,665,329 
  Ascension $52.35 $31.03 $25.91               2,238            812,414          1,022,172 
  Assumption $48.98 $28.23 $22.99                    -             284,025             370,817 
  Avoyelles $58.53 $33.66 $27.34            106,156         1,474,889          2,000,457 
  Beauregard $30.55 $22.95 $22.77         3,275,198         5,663,842          6,302,685 
  Bienville $38.80 $28.55 $27.99              11,421            634,073             705,103 
  Bossier $81.82 $46.14 $36.92                  441            378,450             420,845 
  Caddo $57.40 $35.91 $31.42            279,155         1,305,159          1,451,366 
  Calcasieu $31.84 $23.53 $23.13         1,026,358         1,823,586          2,027,868 
  Caldwell $42.96 $30.18 $28.76                    -             162,182             193,355 
  Cameron $41.08 $27.01 $24.53              38,570              63,694               70,830 
  Catahoula $56.95 $33.88 $28.38               2,376            181,922             221,585 
  Claiborne $42.43 $30.15 $28.90              28,781            747,292             831,793 
  Concordia $69.90 $39.22 $31.11                    -             192,015             252,445 
  De Soto $32.04 $25.36 $25.91            283,368         1,974,254          2,199,077 
  East Baton Rouge $30.21 $21.90 $21.26            711,237         1,348,171          1,539,213 
  East Carroll $63.03 $34.66 $26.98                  147            468,448             816,638 
  East Feliciana $23.83 $19.29 $19.96         1,097,612         1,835,019          2,047,386 
  Evangeline $41.74 $27.36 $24.87            850,874         1,501,643          1,696,743 
  Franklin $50.55 $31.43 $27.35               7,064            155,626             245,611 
  Grant $46.22 $30.48 $27.76              31,706            437,616             534,014 
  Iberia $79.98 $44.61 $35.17            104,843            172,371             354,217 
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  Iberville $44.29 $26.08 $21.65                    -          1,189,500          1,553,007 
  Jackson $39.49 $29.11 $28.56               5,775            289,956             322,438 
  Jefferson $35.36 $21.46 $18.32                    -               15,162               19,795 
  Jefferson Davis $36.10 $25.58 $24.49            138,005            266,394             296,236 
  La Salle $33.52 $25.77 $25.92              32,007            399,269             464,668 
  Lafayette $41.39 $27.74 $25.55            918,433         1,473,941          1,639,055 
  LaFourche $62.14 $34.50 $27.10                    -            505,161             659,527 
  Lincoln $39.09 $28.92 $28.43               7,189            744,036             827,384 
  Livingston $26.72 $21.27 $21.81            695,012         1,459,637          1,623,149 
  Madison $66.34 $37.01 $29.18                    67            280,952             374,288 
  Morehouse $68.39 $36.81 $28.12                    -             913,596          2,762,878 
  Natchitoches $59.86 $36.15 $30.70              15,858            910,647          1,154,558 
  Orleans $74.07 $40.50 $31.30                    -                     -                     -  
  Ouachita $66.83 $37.36 $29.66                    -             465,142          1,292,999 
  Plaquemines $73.91 $40.42 $31.24                    -                1,951                2,822 
  Pointe Coupee $46.19 $26.95 $22.18                    -          3,184,793          4,186,622 
  Rapides $49.00 $31.50 $28.14            170,493         1,447,510          1,787,528 
  Red River $42.54 $29.98 $28.58               5,199            670,190             756,317 
  Richland $64.82 $35.04 $26.88              41,583              99,166             221,418 
  Sabine $44.82 $30.66 $28.66                    -             738,472             821,208 
  St. Bernard $74.07 $40.50 $31.30                    -                     -                     -  
  St. Charles $35.26 $21.78 $18.85                    -             169,003             220,653 
  St. Helena $22.44 $18.27 $18.96         1,347,021         2,280,100          2,536,330 
  St. James $53.59 $30.32 $24.27                    -             241,755             315,630 
  St. John the Bapt $48.68 $28.15 $22.99                    -             155,048             202,747 
  St. Landry $52.91 $30.44 $24.78            970,811         4,147,249          5,418,861 
  St. Martin $67.54 $38.03 $30.26              92,187            730,184             964,849 
  St. Mary $96.49 $51.95 $39.54                    -                     -                6,184 
  St. Tammany $44.15 $29.38 $27.00            167,786         1,118,193          1,243,737 
  Tangipahoa $25.38 $20.66 $21.43         2,107,305         4,377,776          4,871,341 
  Tensas $66.00 $36.99 $29.33                    -               89,151             116,399 
  Terrebonne $74.44 $40.59 $31.28                    -                8,741               11,412 
  Union $39.70 $29.66 $29.35                    -          1,028,626          1,144,221 
  Vermilion $42.22 $28.12 $25.81            986,902         1,586,282          1,763,981 
  Vernon $38.34 $26.66 $25.19            576,274         1,589,973          1,840,095 
  Washington $29.50 $23.95 $24.81            257,282         1,951,706          2,174,939 
  Webster $68.11 $38.76 $31.39              23,876            525,707             584,598 
  West Baton Rouge $46.93 $27.35 $22.50                    -             711,020             930,279 
  West Carroll $49.53 $30.80 $26.81            131,994            268,520             314,843 
  West Feliciana $29.55 $20.40 $19.18            272,681            997,765          1,215,015 
  Winn $36.81 $27.97 $27.94               1,460            299,403             339,481 
Louisiana Average and Total $46.85 $29.61 $26.12       18,087,597       61,433,986        75,049,773 
 
 

    
Area weighted average carbon 

price ($/t C) 
 Amount of carbon if all land available at <$30/t C 

were afforested (t C)  
State County 20 years 40 years 80 years 20 years 40 years 80 years 
Mississippi Adams $42.44 $23.83 $18.97              12,304            278,928            412,245 
  Alcorn $35.84 $26.29 $25.74              63,158         1,509,028         2,005,264 
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  Amite $29.88 $22.51 $22.40         1,738,804         3,205,953         3,866,199 
  Attala $30.78 $24.81 $25.61            299,584         1,646,580         1,837,573 
  Benton $47.34 $30.42 $27.22                  734            852,092         1,434,536 
  Bolivar $52.74 $28.92 $22.49                    -             718,362         1,422,799 
  Calhoun $38.42 $24.39 $21.63               8,609         3,194,311         4,300,624 
  Carroll $37.70 $24.91 $22.76            870,727         2,283,691         3,528,771 
  Chickasaw $35.06 $25.04 $24.13            650,982         3,347,632         3,993,083 
  Choctaw $31.69 $25.14 $25.75              76,689            687,377            772,590 
  Claiborne $50.80 $28.94 $23.36              16,197            998,555         1,686,281 
  Clarke $30.99 $24.98 $25.80            137,949            907,535         1,026,229 
  Clay $53.52 $31.35 $26.23            246,572         1,616,415         1,948,542 
  Coahoma $48.72 $27.44 $21.91                    -             305,368            596,950 
  Copiah $31.61 $23.90 $23.82         1,400,687         3,412,534         4,224,990 
  Covington $28.38 $22.85 $23.57         1,687,408         2,758,603         3,079,570 
  De Soto $43.21 $28.83 $26.51            838,805         1,636,604         2,068,698 
  Forrest $27.90 $22.58 $23.37            866,349         1,542,507         1,715,302 
  Franklin $36.78 $25.04 $23.35            300,503            930,986         1,370,490 
  George $28.70 $23.22 $24.03            783,490         1,321,287         1,469,486 
  Greene $28.54 $23.10 $23.90            420,715            697,502            775,638 
  Grenada $40.67 $26.91 $24.60              36,126         1,018,866         1,581,028 
  Hancock $25.17 $20.33 $21.01         1,198,066         1,922,709         2,138,095 
  Harrison $25.29 $20.47 $21.18         1,112,220         1,788,611         1,988,975 
  Hinds $49.22 $27.68 $22.07            147,562         2,536,709         9,260,246 
  Holmes $44.55 $26.12 $21.66            312,738         2,127,677         4,749,958 
  Humphreys $57.58 $31.53 $24.49                    -             560,800         1,473,095 
  Issaquena $65.68 $36.18 $28.28              13,576            149,031            396,774 
  Itawamba $31.08 $24.62 $25.18            253,494         1,354,705         1,534,191 
  Jackson $26.04 $21.07 $21.81            846,966         1,434,998         1,595,749 
  Jasper $31.79 $25.27 $25.90            140,692         1,656,157         1,870,281 
  Jefferson $44.80 $26.46 $22.09              21,758            661,540         1,315,389 
  JeffersonDavis $31.39 $24.69 $25.17            589,087         2,389,965         2,720,535 
  Jones $28.71 $23.23 $24.04         1,787,827         3,187,458         3,544,524 
  Kemper $32.21 $25.13 $25.50            236,007         1,323,940         1,514,168 
  Lafayette $44.50 $29.55 $27.10            713,227         1,795,887         2,287,415 
  Lamar $29.43 $23.82 $24.65         1,041,862         2,131,705         2,370,503 
  Lauderdale $32.57 $25.30 $25.62            177,657            786,043            919,207 
  Lawrence $29.03 $23.36 $24.10            796,082         1,731,746         1,933,882 
  Leake $32.34 $24.87 $25.03            443,431         2,070,709         2,385,092 
  Lee $34.00 $25.28 $24.96            102,508         3,723,759         4,446,548 
  Leflore $44.30 $25.12 $20.19              84,943            824,693         1,380,159 
  Lincoln $29.24 $22.79 $23.12         1,814,564         3,050,978         3,722,338 
  Lowndes $48.19 $30.01 $26.41            513,672         1,630,454         1,863,888 
  Madison $46.37 $27.92 $23.70            891,079         2,001,517         6,148,607 
  Marion $30.79 $24.92 $25.79            447,366         2,557,781         2,844,312 
  Marshall $51.13 $31.64 $27.48                    -          1,790,157         3,865,311 
  Monroe $46.05 $28.48 $24.92         1,054,782         2,458,670         2,831,743 
  Montgomery $44.17 $29.84 $27.69            180,323         1,123,895         1,291,257 
  Neshoba $32.61 $25.34 $25.66            261,567         1,950,492         2,288,270 
  Newton $31.38 $25.22 $26.01            250,521         2,157,233         2,439,507 
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  Noxubee $39.95 $27.11 $25.33            352,648         2,300,741         2,711,983 
  Oktibbeha $32.95 $23.53 $22.66            798,106         1,911,394         2,306,955 
  Panola $63.03 $36.06 $29.24              53,183            828,103         2,122,962 
  Pearl River $28.74 $23.02 $23.69         2,554,384         4,143,957         4,613,095 
  Perry $28.63 $23.18 $23.98            560,440            931,353         1,035,686 
  Pike $29.29 $22.77 $23.06         1,382,084         2,420,061         2,768,347 
  Pontotoc $37.01 $26.98 $26.31            108,715         3,272,388         3,800,896 
  Prentiss $30.73 $24.11 $24.54            511,117         2,008,173         2,293,806 
  Quitman $52.59 $29.09 $22.83                    -             226,059            481,121 
  Rankin $31.33 $24.46 $24.83            978,925         3,767,688         4,315,871 
  Scott $32.16 $24.63 $24.72            681,063         2,942,333         3,411,653 
  Sharkey $58.71 $32.32 $25.25              60,020            225,532            671,253 
  Simpson $29.83 $24.15 $24.99            999,163         2,840,018         3,158,163 
  Smith $30.50 $24.44 $25.16            764,262         2,369,115         2,657,550 
  Stone $28.50 $23.06 $23.87            599,649         1,057,999         1,176,519 
  Sunflower $54.75 $29.76 $22.95                    -             604,918         1,243,743 
  Tallahatchie $60.83 $33.40 $26.02                    -             632,865         1,232,339 
  Tate $65.02 $36.70 $29.38                    -             286,630         1,526,695 
  Tippah $32.99 $25.54 $25.81              38,765         1,848,935         2,138,255 
  Tishomingo $32.38 $25.74 $26.39              66,042            742,350            891,118 
  Tunica $59.89 $32.94 $25.71                    66            121,529            399,365 
  Union $39.38 $28.35 $27.44            200,220         2,364,441         2,670,472 
  Walthall $28.84 $23.34 $24.16         1,953,044         3,668,942         4,079,945 
  Warren $39.58 $22.63 $18.33              30,904         1,322,167         1,967,703 
  Washington $59.89 $32.90 $25.64               3,240            340,038         1,141,843 
  Wayne $29.06 $23.52 $24.34            561,187         1,288,777         1,433,148 
  Webster $33.10 $24.66 $24.37            159,770         1,107,444         1,300,239 
  Wilkinson $31.37 $22.31 $21.43            686,779         1,552,863         1,887,043 
  Winston $33.50 $25.94 $26.22               5,683         1,344,656         1,544,822 
  Yalobusha $41.91 $27.79 $25.45              46,868         1,392,768         2,047,865 
  Yazoo $48.40 $27.07 $21.48            178,056         2,768,726         7,482,402 
Mississippi Average and Total $38.32 $26.14 $24.43       40,224,354     140,383,699     192,749,766 
 

    
Area weighted average carbon 

price ($/t C) 
 Amount of carbon if all land available at <$30/t C 

were afforested (t C)  
State County 20 years 40 years 80 years 20 years 40 years 80 years 
North Carolina Alamance $30.09 $23.29 $23.58            780,563         1,917,842         2,160,981 
  Alexander $33.81 $25.41 $25.30                    -             924,514         1,070,326 
  Alleghany $56.12 $29.02 $21.45              62,012            868,949         1,588,564 
  Anson $30.49 $23.17 $23.20            476,630         1,018,678         1,170,425 
  Ashe $65.70 $32.32 $22.60              22,673            552,349         1,497,046 
  Avery $51.13 $27.63 $21.48                    -             101,958            203,816 
  Beaufort $53.51 $33.10 $28.62            202,735            660,398         1,583,321 
  Bertie $36.97 $23.61 $21.11            204,849            506,151            628,487 
  Bladen $38.41 $28.95 $28.77            150,910            561,733            373,196 
  Brunswick $35.36 $27.61 $28.01            219,482            394,290            399,658 
  Buncombe $47.44 $25.13 $19.11                    -             816,629         1,410,244 
  Burke $31.90 $23.49 $23.09            202,593            503,541            597,508 
  Cabarrus $32.66 $24.73 $24.74            259,308            911,007         1,039,731 
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  Caldwell $32.99 $24.13 $23.62                    -             531,847            644,086 
  Camden $33.22 $23.36 $22.32            259,811            476,204            549,133 
  Carteret $52.21 $36.46 $34.52            200,305            373,731            363,167 
  Caswell $32.91 $24.45 $24.21               9,514         1,172,260         1,351,397 
  Catawba $32.96 $25.35 $25.57                    -          1,466,610         1,665,390 
  Chatham $31.10 $24.46 $24.95              90,010         1,878,795         2,112,846 
  Cherokee $79.15 $36.50 $23.63                    -               17,251            461,318 
  Chowan $44.32 $25.80 $21.39              80,920            443,894            604,571 
  Clay $63.38 $30.55 $20.91                    -             119,321            378,199 
  Cleveland $31.60 $24.33 $24.56            677,907         2,270,273         2,571,956 
  Columbus $37.10 $28.66 $28.88            317,007         1,061,034            742,169 
  Craven $57.02 $37.02 $33.28              23,322            241,702            263,344 
  Cumberland $49.68 $31.93 $28.48              71,995            240,053            418,444 
  Currituck $44.77 $27.86 $24.42            108,116            313,695            402,393 
  Dare $57.71 $37.54 $34.01              16,668              26,750              29,747 
  Davidson $33.42 $25.53 $25.65                    -          1,655,089         1,885,866 
  Davie $34.59 $25.90 $25.73              48,185         1,478,061         1,701,669 
  Duplin $38.47 $30.09 $30.55            124,713            638,666            248,133 
  Durham $28.25 $21.89 $22.16            182,607            358,357            405,896 
  Edgecombe $40.57 $26.03 $23.37              60,995            636,798            805,598 
  Forsyth $32.94 $24.26 $23.89              31,069         1,053,911         1,226,370 
  Franklin $31.44 $23.86 $23.90            190,851         1,018,524         1,160,079 
  Gaston $32.69 $24.80 $24.83            100,104            708,777            809,307 
  Gates $54.31 $30.77 $24.89              34,886            376,620            533,945 
  Graham $83.64 $38.25 $24.47                    -                     -               69,014 
  Granville $30.22 $23.16 $23.32            529,700         1,403,019         1,588,009 
  Greene $35.62 $27.87 $28.30              92,032            363,115            222,039 
  Guilford $31.94 $24.07 $24.02            245,248         2,185,401         2,499,298 
  Halifax $33.75 $23.90 $22.96            231,248            946,824         1,118,181 
  Harnett $63.59 $37.69 $31.49              24,770              55,858            137,255 
  Haywood $59.17 $29.31 $20.75                    -             280,192            724,487 
  Henderson $66.87 $31.82 $21.45               2,167            253,537         1,132,922 
  Hertford $45.81 $26.88 $22.45              26,338            266,855            362,360 
  Hoke $40.41 $30.70 $30.66                    -             169,699              12,345 
  Hyde $91.07 $56.72 $49.31              60,287            114,804            242,949 
  Iredell $34.25 $25.88 $25.85                    11         2,621,211         3,008,065 
  Jackson $60.42 $30.40 $21.93                    -             119,613            284,662 
  Johnston $45.22 $31.99 $30.57               1,647            879,525              59,405 
  Jones $44.35 $31.18 $29.65            118,620            229,868            272,278 
  Lee $38.63 $25.85 $23.91            106,317            217,447            302,957 
  Lenoir $41.24 $30.10 $29.34              30,036            217,977            140,517 
  Lincoln $33.13 $24.98 $24.94              87,881         1,146,484         1,313,677 
  Macon $67.78 $32.36 $21.91                    -             153,440            637,159 
  Madison $53.95 $28.16 $21.14                    -             368,298            715,429 
  Martin $28.44 $21.59 $21.60            324,256            585,868            665,340 
  McDowell $38.51 $21.64 $17.39              10,963            296,928            442,219 
  Mecklenburg $34.60 $25.51 $25.14              52,124            740,551            858,448 
  Mitchell $65.88 $31.62 $21.53                    -               60,526            225,492 
  Montgomery $33.86 $24.57 $23.96            243,114            422,248            515,758 
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  Moore $41.16 $26.85 $24.42            256,458            412,084            608,414 
  Nash $29.50 $23.28 $23.80            541,553         1,005,906         1,125,752 
  New Hanover $38.23 $28.77 $28.57              15,744              55,688              38,898 
  Northampton $44.94 $27.04 $23.07               2,601            458,472            613,450 
  Onslow $47.09 $34.65 $33.95              10,765            236,309              22,541 
  Orange $28.62 $22.68 $23.23            823,502         1,370,553         1,527,308 
  Pamlico $54.64 $33.43 $28.64            153,636            286,556            684,213 
  Pasquotank $47.58 $28.98 $24.97            152,225            516,347            677,129 
  Pender $70.83 $47.78 $44.16              16,993            300,309              85,727 
  Perquimans $41.63 $24.17 $19.99            129,412            600,499            808,790 
  Person $30.27 $23.36 $23.61            556,067         1,429,981         1,613,458 
  Pitt $38.12 $27.30 $26.28            398,132            794,424            955,690 
  Polk $31.97 $24.65 $24.89            138,722            347,995            395,923 
  Randolph $31.56 $24.77 $25.24                    -          2,475,175         2,781,425 
  Richmond $55.55 $30.23 $23.56              23,581            129,355            283,558 
  Robeson $33.33 $27.18 $28.22            404,580         1,643,985            807,070 
  Rockingham $30.58 $23.29 $23.38            515,864         1,705,031         1,935,252 
  Rowan $34.22 $25.88 $25.86                    -          1,413,723         1,620,917 
  Rutherford $32.05 $24.65 $24.86            333,785            935,907         1,065,191 
  Sampson $36.81 $28.95 $29.47            105,308            925,734            322,049 
  Scotland $40.76 $30.63 $30.40                  367            157,033              17,982 
  Stanly $30.23 $23.75 $24.23            937,866         1,927,407         2,161,875 
  Stokes $28.94 $22.66 $23.08            738,017         1,302,423         1,458,154 
  Surry $37.58 $27.25 $26.56                    11         2,056,885         2,423,157 
  Swain $70.57 $33.36 $22.29                    -               17,191              74,735 
  Transylvani $70.33 $32.99 $21.83                  673              61,922            393,751 
  Tyrrell $49.27 $32.56 $29.83            228,445            395,234            450,363 
  Union $29.98 $23.67 $24.20         2,103,873         4,028,316         4,505,182 
  Vance $31.60 $23.92 $23.94            109,882            655,046            747,047 
  Wake $39.31 $27.00 $25.43              85,077            652,117            865,378 
  Warren $31.86 $24.03 $24.00            126,626            954,538         1,090,951 
  Washington $62.08 $35.32 $28.68              21,723            519,574            762,118 
  Watauga $62.91 $31.77 $22.99               1,714            284,146            775,908 
  Wayne $38.90 $29.66 $29.68              59,901            644,195            215,214 
  Wilkes $32.25 $24.51 $24.53              91,123         1,871,839         2,173,890 
  Wilson $38.94 $29.56 $29.53            119,459            253,437            258,492 
  Yadkin $35.25 $26.31 $26.09              92,038         2,045,891         2,370,331 
  Yancey $64.67 $31.63 $22.07                    -             112,153            309,912 
North Carolina Average and Total $38.38 $26.68 $25.31       16,693,219       77,378,932       91,635,789 

 
 

    
Area weighted average carbon 

price ($/t C) 
 Amount of carbon if all land available at <$30/t C 

were afforested (t C)  
State County 20 years 40 years 80 years 20 years 40 years 80 years 
South Carolina Abbeville $31.43 $25.05 $25.72              26,630         1,336,864         1,492,945 
  Aiken $30.40 $23.81 $24.23              75,681            456,482            518,951 
  Allendale $30.04 $24.08 $24.78            142,794            351,255            387,544 
  Anderson $27.15 $21.50 $22.02         2,316,388         3,725,419         4,143,056 
  Bamberg $30.38 $24.56 $25.39              68,951            488,908            546,784 
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  Barnwell $27.55 $22.33 $23.12            125,945            304,475            339,983 
  Beaufort $26.89 $21.72 $22.43            178,947            287,474            322,065 
  Berkeley $31.88 $24.66 $24.88              54,700            263,263            315,951 
  Calhoun $31.23 $24.68 $25.22              46,291            286,640            325,117 
  Charleston $28.04 $22.82 $23.68            146,509            353,092            392,915 
  Cherokee $27.65 $21.68 $22.10            604,269         1,109,167         1,238,793 
  Chester $33.53 $24.36 $23.77            218,601            700,950            819,786 
  Chesterfield $51.50 $32.17 $28.17              28,819            385,304            445,574 
  Clarendon $30.36 $23.65 $23.98            228,824            411,274            464,443 
  Colleton $39.18 $27.02 $25.42            227,789            510,216            714,357 
  Darlington $29.49 $23.73 $24.47            727,863         1,275,204         1,423,409 
  Dillon $31.75 $24.64 $24.92            357,690         1,055,913         1,205,302 
  Dorchester $31.39 $24.45 $24.78              83,541            365,809            433,314 
  Edgefield $30.87 $24.73 $25.47               6,761            248,722            277,699 
  Fairfield $31.67 $23.70 $23.53            108,594            280,967            323,306 
  Florence $30.40 $23.43 $23.60            639,774         1,201,563         1,371,906 
  Georgetown $30.51 $23.99 $24.43            119,743            195,450            218,409 
  Greenville $27.89 $21.47 $21.67            922,316         1,948,496         2,202,751 
  Greenwood $31.43 $25.11 $25.82                    -             808,210            902,046 
  Hampton $29.61 $23.73 $24.42            180,763            367,399            411,650 
  Horry $29.72 $24.05 $24.88            426,235            954,448         1,064,203 
  Jasper $34.20 $24.20 $23.14              75,615            121,377            178,479 
  Kershaw $29.75 $20.36 $19.13              96,008            286,422            355,431 
  Lancaster $29.63 $23.24 $23.68            262,703            516,019            578,207 
  Laurens $26.99 $21.21 $21.65            998,736         1,768,851         1,973,402 
  Lee $29.52 $23.56 $24.21            252,225            565,419            633,521 
  Lexington $30.55 $23.05 $22.96            141,470            501,670            586,489 
  Marion $36.99 $27.89 $27.74              97,681            580,223            658,507 
  Marlboro $35.35 $26.17 $25.75              72,408            607,001            713,499 
  McCormick $32.48 $25.36 $25.78              16,079            165,132            186,256 
  Newberry $30.97 $24.91 $25.71                    -          1,543,463         1,717,217 
  Oconee $28.93 $21.95 $21.98            530,732         1,334,579         1,524,483 
  Orangeburg $28.50 $22.64 $23.21            514,364            945,247         1,070,460 
  Pickens $28.04 $21.78 $22.09            510,850            987,094         1,110,694 
  Richland $33.32 $24.92 $24.69              26,935            396,851            467,448 
  Saluda $30.95 $24.88 $25.67               8,563         1,120,825         1,247,451 
  Spartanburg $27.66 $21.67 $22.07         1,329,710         2,345,523         2,620,320 
  Sumter $31.29 $24.18 $24.41            207,242            741,157            844,042 
  Union $30.77 $22.08 $21.40            164,533            489,961            574,170 
  Williamsburg $31.14 $24.56 $25.06            288,643            507,704            583,463 
  York $31.44 $24.02 $24.13            515,436         1,433,947         1,627,306 
South Carolina Average and Total $30.22 $23.40 $23.67       14,174,349       36,631,426       41,553,105 

 

    
Area weighted average carbon 

price ($/t C) 
 Amount of carbon if all land available at <$30/t C 

were afforested (t C)  
State County 20 years 40 years 80 years 20 years 40 years 80 years 
Tennessee Anderson $51.42 $28.54 $22.57                    -             514,229            844,212 
  Bedford $54.78 $28.04 $20.49            225,581         1,023,858         2,416,616 
  Benton $41.23 $24.85 $21.19            273,222            935,484         1,236,329 
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  Bledsoe $37.17 $22.09 $18.64              29,790         1,358,117         1,839,935 
  Blount $48.30 $28.21 $23.51                    -          1,678,774         2,904,549 
  Bradley $62.83 $31.43 $22.41                    -             785,908         2,430,287 
  Campbell $44.64 $26.24 $21.85                    -             508,468            794,352 
  Cannon $43.72 $24.90 $20.17                    -             907,155         1,344,103 
  Carroll $31.87 $22.71 $21.88         1,348,605         3,112,455         3,823,354 
  Carter $48.69 $26.69 $20.99              20,923            310,327            570,251 
  Cheatham $47.97 $26.82 $21.32                    -             753,752         1,111,466 
  Chester $33.55 $23.86 $22.96            738,614         1,320,433         1,663,219 
  Claiborne $56.32 $29.17 $21.66                    -          1,047,067         2,072,010 
  Clay $46.73 $26.15 $20.81               3,972            678,107            967,457 
  Cocke $54.35 $27.47 $19.88              82,829            680,846         1,514,801 
  Coffee $46.57 $26.22 $21.02                    -          1,985,430         2,976,091 
  Crockett $31.56 $24.11 $24.18              98,824         1,444,848         1,681,722 
  Cumberland $38.93 $23.19 $19.59                    -          1,611,656         2,181,569 
  Davidson $55.85 $29.26 $21.85                    -             758,068         1,212,015 
  De Kalb $50.83 $27.25 $20.89                  148            908,974         1,613,860 
  Decatur $32.80 $22.45 $21.07            484,746            997,305         1,212,320 
  Dickson $47.94 $26.68 $21.18              64,236         1,749,021         2,513,447 
  Dyer $34.53 $24.05 $22.85         1,033,822         1,972,088         2,319,398 
  Fayette $30.04 $22.55 $22.42         2,187,741         4,185,369         4,911,856 
  Fentress $39.22 $23.53 $19.96                    -             909,437         1,235,152 
  Franklin $41.55 $24.07 $19.84                    -          2,224,613         3,104,844 
  Gibson $34.81 $24.78 $23.83                    -          5,386,089         6,561,769 
  Giles $67.13 $34.16 $24.75              23,535         2,845,199         3,967,366 
  Grainger $46.31 $25.88 $20.69              16,264         1,282,083         2,046,485 
  Greene $54.61 $27.78 $20.25              92,617         2,212,050         5,206,152 
  Grundy $39.24 $23.53 $19.93                    -             526,626            732,331 
  Hamblen $54.04 $28.56 $21.60                    -             835,207         1,626,155 
  Hamilton $43.63 $27.27 $23.96                    -          1,027,139         1,420,631 
  Hancock $62.30 $31.70 $23.03                    -             380,161            852,700 
  Hardeman $35.79 $25.18 $24.04            177,935         2,683,283         3,233,069 
  Hardin $41.05 $24.68 $20.97               5,760         1,598,326         2,195,557 
  Hawkins $56.77 $29.17 $21.50              57,455         1,481,605         3,077,854 
  Haywood $30.85 $23.44 $23.46         1,202,109         2,214,746         2,572,364 
  Henderson $28.46 $22.65 $23.26         1,717,564         2,761,686         3,079,103 
  Henry $32.13 $23.73 $23.35         1,435,276         3,745,692         4,424,819 
  Hickman $42.07 $23.86 $19.27            203,488         1,665,288         2,339,829 
  Houston $50.97 $28.43 $22.62                    -             422,606            610,728 
  Humphreys $39.43 $23.22 $19.40            277,197         1,125,984         1,543,222 
  Jackson $40.41 $22.57 $18.02              83,930            586,235            828,323 
  Jefferson $47.38 $26.05 $20.60            250,975         1,701,982         2,964,355 
  Johnson $61.29 $30.52 $21.79                    -             136,685            845,517 
  Knox $56.91 $29.63 $22.10              72,214         1,149,731         2,690,365 
  Lake $45.48 $25.29 $20.00               4,138            129,709            185,932 
  Lauderdale $32.12 $23.27 $22.62            618,502         1,688,175         2,004,385 
  Lawrence $50.31 $28.24 $22.54               6,824         3,233,189         4,744,304 
  Lewis $44.21 $25.19 $20.42               8,618            363,703            511,356 
  Lincoln $52.70 $28.18 $21.55              25,452         3,298,837         5,350,825 
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  Loudon $40.79 $24.15 $20.38            245,507         1,340,035         1,995,350 
  Macon $47.15 $25.82 $20.21              72,053         1,440,963         2,107,752 
  Madison $34.71 $23.30 $21.59         1,103,532         2,812,549         3,517,738 
  Marion $43.16 $23.93 $18.96               1,556            631,424            921,282 
  Marshall $69.77 $34.49 $24.30              59,467            826,255         1,138,921 
  Maury $66.48 $33.15 $23.58            608,207         2,770,834         3,871,505 
  McMinn $54.92 $29.56 $22.82                    -          1,396,287         3,033,724 
  McNairy $30.82 $23.03 $22.84         1,011,561         2,021,769         2,328,741 
  Meigs $47.39 $28.04 $23.68                    -             556,419            888,843 
  Monroe $57.74 $30.84 $23.57                    -             948,653         2,269,179 
  Montgomery $49.07 $27.00 $21.23                    25         2,376,594         3,523,897 
  Moore $40.26 $23.03 $18.72                    -             849,258         1,230,167 
  Morgan $53.72 $28.34 $21.39                    -             331,060            722,363 
  Obion $31.07 $22.19 $21.42         2,162,688         4,369,541         5,219,567 
  Overton $46.78 $26.08 $20.77                  148         1,486,239         2,237,275 
  Perry $44.43 $24.43 $19.18                    -             406,973            744,835 
  Pickett $38.78 $22.90 $19.16                    -             518,378            710,477 
  Polk $47.10 $26.73 $21.66                    -             468,337            765,832 
  Putnam $45.69 $25.37 $20.13               4,363         1,449,432         2,092,962 
  Rhea $40.62 $25.15 $21.92                    -             932,234         1,282,659 
  Roane $53.13 $29.36 $23.20                    -             648,711         1,122,066 
  Robertson $51.91 $28.14 $21.73                    -          4,057,463         6,059,067 
  Rutherford $43.78 $24.78 $19.94                    -          2,114,639         3,077,905 
  Scott $52.27 $27.89 $21.26                    -             205,754            457,485 
  Sequatchie $34.16 $20.22 $17.00              97,653            470,699            640,990 
  Sevier $52.68 $27.55 $20.63              96,533         1,035,933         2,121,249 
  Shelby $33.12 $24.26 $23.74            550,760         2,138,470         2,516,702 
  Smith $50.25 $26.64 $20.14                    -          1,073,111         2,007,752 
  Stewart $52.27 $29.51 $23.73                    -             172,931            664,668 
  Sullivan $58.09 $29.84 $21.89                    -             983,314         2,061,568 
  Sumner $66.36 $33.09 $23.50              15,571         1,307,264         4,426,584 
  Tipton $28.73 $21.13 $20.75            829,211         1,507,912         1,760,535 
  Trousdale $54.33 $28.49 $21.27                    -             509,859         1,016,282 
  Unicoi $51.36 $27.24 $20.73                    -               73,527            127,217 
  Union $58.39 $30.05 $22.13                    -             419,715            852,512 
  Van Buren $37.45 $22.36 $18.92              18,017            440,434            595,958 
  Warren $42.84 $24.99 $20.66                    -          2,747,418         3,832,122 
  Washington $42.11 $24.56 $20.33                    -          2,404,342         3,397,424 
  Wayne $37.93 $22.70 $19.20              90,693         1,476,951         2,292,090 
  Weakley $35.23 $25.04 $24.06               8,102         5,063,865         6,145,975 
  White $40.45 $23.98 $20.12                    -          1,896,165         2,621,511 
  Williamson $54.62 $28.26 $20.94            530,283         2,581,387         4,171,517 
  Wilson $59.58 $30.67 $22.54              12,145            583,157         1,397,596 
Tennessee Average and Total $45.75 $26.49 $21.88       20,390,979     140,690,066     210,080,548 
SECARB States Average and Total $43.17 $27.58 $24.65     175,105,846     811,755,608   1,109,025,420 
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APPENDIX B: DATA USED FOR FOREST LAND ANALYSES 
 
YIELD FUNCTIONS 
 

Yield functions for use in the analysis were derived from USDA Forest Service FIA inventory data.  
The resulting estimates were compared to existing estimates of timber yield in the literature.  To estimate 
yield functions, data from the US Forest Service FIA database was downloaded to show timber age 
classes for the site quality classes maintained by FIA.  Timberland area and total growing stock volume in 
each age class were obtained for the main timber types assessed in this analysis.  These include: 
Loblolly/Shortleaf and Longleaf/Slash, the only species of interest for this analysis.   
 This data is used to estimate a functional relationship between the age of timber and growing 
stock volume per acre of land.  Only acres that had been classified in specific age classes were 
considered. The following functional relationship was used for the yield functions: 
 

V(Age) = β0 + β1*Age+β2*Age2 + β0Age3   if Yield < Vmax 
 
V(Age) = Vmax     if Yield >=Vmax 

 
The value Vmax is a maximum yield suggested by the yield functions.  This maximum yield was set either 
at the turning point in the yield function, or at level that was below the maximum observed growing stock 
volume per acre.   
 

Yield estimates for this analysis were developed for two regions in this analysis, Alabama-Florida 
and North Carolina-South Carolina-Tennessee.  Tables A1 and A2 show the parameter estimates for the 
timber types where yield functions were estimated from FIA data.  The tables also show Vmax, the 
projected yield of the type at age 30, and the average growing stock volume for the region for the type 
and site class.   

 
Table B1: Yield function parameters for softwoods in Alabama and Florida. 
 
 Loblolly Longleaf/Slash 
 High Med Low High med 
β0 0.00 0.00 0.00 0.00 0.00 
β1 93.82 36.67 91.48 67.57 35.46 
β2 -0.61 -0.18 -0.62 -0.31 -0.08 
β3 0.00 0.00 0.00 0.00 0.00 
Vmax 6,044 2,305 9,656 3,837 2,704 
ft3 at 30 2,261 942 2,188 1,751 989 
Avg. FIA ft3 1,359 775 1,887 1,290 717 

 
Table B2: Yield function parameters for softwoods North Carolina, South Carolina, and 
Tennessee. 
 Loblolly Longleaf/Slash 
 High Med Low High med 
β0 0.00 0.00 0.00 0.00 0.00 
β1 70.02 53.06 75.37 91.76 43.03 
β2 -0.37 -0.41 0.00 -0.44 -0.11 
β3 0.00 0.00 0.00 0.00 0.00 
Vmax 3,369 2,141 4,413 3,782 3,202 
ft3 at 30 1,771 1,224 2,145 2,283 1,194 
Avg. FIA ft3 1,952 1,209 2,549 1,942 959 
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APPENDIX C: EXAMPLES OF UNIT CONVERSIONS 
 
Table C1: Equivalent values of $/metric ton carbon, $/metric ton CO2, and $/short ton CO2 

 

$/t Carbon $/t CO2 $/short t CO2

5 $1.36 $1.24
10 $2.73 $2.47
30 $8.18 $7.42
50 $13.64 $12.37

100 $27.27 $24.75
150 $40.91 $37.12
200 $54.55 $49.50
300 $81.82 $74.25
500 $136.36 $123.74

 
Table C2: Equivalent values of metric ton carbon per hectare, metric ton CO2 per hectare, short 
ton CO2 per hectare, and $/short ton CO2 per acre. 
 

tons Carbon/ha tons CO2/ha Short tons CO2/ha short tons CO2/acre 
20 73 81 33 
50 183 202 82 
80 293 323 131 
100 367 404 164 
120 440 485 196 

 

 
Table C3: Equivalent values of metric ton carbon, metric ton CO2, and short ton CO2. 
 

tons Carbon tons CO2 short tons CO2

100 367 404
1000 3,667 4,041

100,000 366,667 404,067
1 million 3,666,667 4,040,667
1 billion 3,666,666,667 4,040,666,667
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